
DNA 5216F-1

SJOINT ELECTRON BEAM COMMONALITY
4AEXPERIMENTS ON BLACKJACK 3 AND 3 PRIME

g3" Part I- Machine Characterizations

D. V. Keller
' A. J. W atts, et al

Ktech Corporation
901 Pennsylvania Ave., N.E.
Albuquerque, New Mexico 87110

31 December 1979

Final Report for Period 1 January 1979-31 December 1979

CONTRACT No. DNA 001-79-C-0127

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED. OCT 1 0 198

A

THIS WORK SPONSORED BY THE DEFENSE NUCLEAR AGENCY
UNDER RDT&E RMSS'CODE B342079464 N99QAXAG12301 H2590D.

p Prepared for

Director

'Jg DEFENSE NUCLEAR AGENCY

Washington, D. C. 20305

C112

U if:tOt'.



Destroy this report when it is no longer '

needed. Do not return to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: STTI, WASHINGTON, D.C. 20305, IF
YOUR ADDRESS IS INCORRECT, IF YOU WISH TO
BE DELETED FROM THE DISTRIBUTION LIST, OR
IF THE ADDRESSEE IS NO LONGER EMPLOYED BY.
YOUR ORGANIZATION.

31

4.!

Destroy this re own i s o*ine

ATN: STI ASHNGON D..230,I

YORADESISICRET I O IHT



IF UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (.,n Data Entered)--- ... A E. .. .. RE'AD INSTRUCTIONS t

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1 ~-a ".r-g'' 't 12 O'"ACSSION No. 3. RECIPIENT'S CATALOG NUMBER ''

lan. . atts D .. PERIOD OVERE
JOINTELECTRON.WEAM _OMMONALITY EXPERIMENTS DeN 79)

___CK 3 AND_3_PR _E __ _1 JanS. 31 c) 79

ARA1WRWUI NUMBER

Part hine CharacterizationsC orporat i
<Ill ,-?. AU"I'CIII8 CONTRACT OR GRANT NUMBER(s)

I" D~onald VKeller -D. A./Rice

S9. PERFORMING ORGANI zATION NAME AND ADDRESS 10t. PROGRAM ELEMENT. PROJECT TASK
;: Kech orpoatio / _ AREA 6 WORK UNIT NUMBERS

901 Pennsylvania Ave., N.E. / u N99Q 123-01

L Albuquerque, New Mexico 87110 -

II. CONTROLLING OFFICE NAME AND ADDRESS ii
Director 31 Dec "',,d79
Defense Nuclear Agency /1/0&---2

Washington, D.C. 20305 242

14 MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CLASS (of this report)

'"Al "'- o UNCLASSIFIEDV 5 15a. DECL ASSI FIC ATI ON/ DOWNGRADING i::IT PT-. SCHEDULE :

16. DISTRIBUTION STATEMENT (of this Report) -

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20. if different from Report) *1

18. SUPPLEMENTARY NOTES

This work sponsored by the Defense Nuclear Agency under RDT&E RMSS Code
] B342079464 N99QAXAG12301 H2590D.

19. KEY WORDS (Continue on reverse side If necessary and identify by block number)
Stress-Time Profiles Thermo Mechanical Stress
Electron Energy Deposition Stress Relief

Deposition-Time Dependence Tantalum
Vapor Tail Aluminum
Stress Generation Electron Beam Materials Testing

420, ABSTRACT (Continue on reverse side If necessary and identify by.block number)

:As part of the DNA Commonality program, material stress generation experiments
were performed using the pulsed relativistic electron beam from the Maxwell
Laboratories' Blackjack-3 an-3 Prime electron beam machines. Materials used
were solid aluminum and tantalum, each of sufficient thickness to be opaque to
the beams. The induced stress histories were monitored using X-cut quartz
gauges, carbon uges, and laser velocity interferometry. Fluence levels of

1up to150 cal/cm0 were used, giving deposition of up to 750 cal/g, and the -FORM -- q lJl
DDI JAN 73 1473 OITION OF I NOV65 IS 9OBSOLETE UNCLASSIFIED

-SECURITY CLASSIFICATION OF THIS PAGE (Khan Data Entered)

-- r l -"1 -' . . . "I .I_ L I



7_3 .. . ..7' 7 F

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Enteted)

20. ABSTRACT (Continued)

eposition time was varied from 30 to 55 ns. The electron beam characteriza-
tion included measurement of fluences as a function of axial and radial
positions relative to the anodes, analysis of machine performance (voltage,
current) to give electron energy spectra, and establishment of mean electron
angles of incidence by comparison of Monte Carlo computations with experi-
mental dose-depth measurements. The observed stresses and electron beam
parameters are to be analyzed by SRI for comparison with their wave propaga-
tion codes. The stress pulse shapes and amplitudes agree well with nominal
predictions, except that a high amplitude stress tail was observed on the
high dose experiments that produced Ta vapor.

'71~

4 ":

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(hen Pain Enteted)



SUMMARY

V Material stress generation experiments were performed using the pulsed

relativistic electron beams from the Maxwell Laboratories' Blackjack-3 and -3

Prime electron beam machines. Materials used were solid aluminum and tantalum,

each sufficiently thick to be opaque to the beams. The induced stress histories

were monitored using X-cut quartz gauges, carbon gauges, and laser velocity

interferometry. Energy depositions of up to 750 cal/g were used, with

deposition times varying from 30 to 55 ns.

The electron beam characterization included measurement of fluences as a

function of axial and radial positions relative to the anode, using total beam

stopping calorimeters; analysis of machine performance (voltage, current versus

time) to give electron energy spectra, using fast digital recording and process-

ing by computer; and establishment of mean electron angles of incidence by

comparison of Monte Carlo computations with experimental dose-depth measurements,

using thin carbon foil stacks.

The observed stress pulse shapes and amplitudes agree well with nominal

predictions, and will be analyzed in detail by SRI using their wave propagation

codes. However, at high deposition levels in tantalum, where considerable

vaporization occurred, a high amplitude stress tail was observed. This was

not predicted by the PUFF hydrocode. PUFF does not contain a three-phase equa-

tion of state of materials, whereas the CHART D code does. It is recommended

that further work be done using the CHART D code to assess such vapor situations.
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SECTION 1

OBJECTIVES

The commonality program for the Defense Nuclear Agency (DNA) is intended

to obtain "common" valid electron beam data on material response from different

electron beam facilities by different experimenters. The validity of the data,

and comparison of experimenters' results taken on identical materials but with

possibly different measurement techniques and beam diagnostics, will be determined

through computer correlations with the best material equation-of-state (EOS) model.

Both a well understood test material and a complex practical shielding material

are included.

The commonality program is being carried out in three phases, although they

may not be separate in time. The first part uses a simple, well known material,

aluminum, in a few tests to run through each of the various procedures, experi-

ments and correlations. The second phase uses a high density material, tantalum,

to study stresses that are affected by deposition time, and several different

machines with differing deposition times will be used. The third phase charac-

terizes various screening materials and their constituents, including porosity

effects.

This specific contract concerns work done using the Blackjack 3 and 3 Prime

machines, and involving the first two phases mentioned above. In particular,

Ktech Corporation accomplished the following specific tasks:

1. Development and characterization of the new "short pulse" Blackjack 3

Prime accelerator at Maxwell Laboratories, Inc., San Diego, to obtain an electron

beam suitable for commonality experiments. The electron beam was to have the

following measured characteristics:

• 30 ns pulse width (FWHM)
0 800 keV mean energy

1 100 cal/cm2 over 3 to 5 cm2

7



2. Design and conduct experiments for commonality Al and Ta tests on

Blackjack 3 and 3 Prime at several dose levels up to about 750 cal/g. The meas-

urements included beam diagnostics (voltage, current, depth-dose and fluence)

and specimen response (laser velocity interferometry, quartz stress gauges, and

carbon stress gauges).

3. Coordination with other DNA commonality contractors as requested by

DNA for the purposes of planning, coordinating, and correlating materials, tests i

and test results. In particular, furnish all relevant data from Task 2 to Stan-

ford Research Institute (SRI), who have responsibility for overall validation of

results by comparison with their computational models and wave propagation codes.

1°.
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SECTION 2

INTRODUCTION

The principal objective of the commonality work is to fully investigate

the ability of various electron beam machines to give suitable, well understood

energy deposition in selected materials, together with the ability to use proven

experimental techniques to measure the resulting material stress waves. The

available electron energy deposition codes and hydrodynamic wave propagation codes.

The choice of available electron beam machines was dependent upon the need

to address the sensitivity of the energy deposition and stress generation to

various parameters. These parameters include the specific energy loading (cal/g),

the deposition range (cm), the time of deposition (Full Width Half Maximum [FWHM],

ns), and the degree of stress attenuation due to propagation characteristics of

the materials.

4 Table 1 indicates the electron beam machines chosen by the various common-

ality experimenters and gives the salient features of the machine characteristics.

The general properties of electro; energy deposition are that the peak

energy loading (cal/g) is only weakly coupled to the Z number of any sample

(varying only by a factor of 2 over the Z range of 6 to 90). Likewise, the range

of deposition is only weakly coupled to the Z number, if measursd in areal mass

(g/cm2). The higher the mean energy of the electrons the greater the range of

deposition, and the lower the normalized specific energy loading (cal/g per

incident cal/cm 2). However, high Z materials in general have high densities,

and thus the electron ranges are significantly less in high Z materials than in

low Z ones, when measured in cms. In addition, high Z materials differ from

low Z ones in their ability to scatter electrons and produce Bremsstrahlung.

9
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Specific energy loading, energy scatter and deposition range are all related

to the incident angle of the electron beam to a sample. The ability to measure

the result of these effects, such as the deposition profile using dose-depth

calorimetry stacks (see Section 3-3), provides a thorough test of experimental

techniques, and can be compared with energy deposition code predictions.

A parameter of great importance is the deposition time of the electron

beam. During energy deposition the induced stresses start to propagate along

the beam direction, and this has the effect of reducing the peak stress gener-

ated. The total beam energy is distributed over a larger volume of material

during deposition than that due solely to the electron deposition range, owing

to this wave propagation. This "stress relaxation" occurs from both ends of

the deposition profile, and its magnitude is dependent on the ratio of the dis-

tance propagated by a relief wave during the deposition time (CT) where C is

release speed, T deposition time, and the width of the deposition profile (RE).

The parameter (RE/CT) is referred to as "swiftness," and is a function of elec-

tron beam machine and sample. A "swift" situation is one in which the degree

of wave propagation during deposition is small compared to the deposition range.

This gives only a small degree of stress relief during deposition (see Section

3-6).

Two suitable materials to investigate these effects are aluminum and tantalum.

Aluminum has a low Z, and a large electron range in cms, and is a well understood

material with a known equation-of-state (EOS) and hydrodynamic behavior. The

degree of stress relief due to swiftness is relatively small. Conversely, tanta-

lum has a high Z, and a small electron range in cms, but still is well understood.

The degree of stress relief due to swiftness is significant for all but very short

deposition times, or wide deposition ranges.

l3.
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Table 2 itemizes the electron ranges and the relief thicknesses for these

two materials when used with the machines listed in Table 1. The large differ-

ences in "swiftness" values can be seen in this table.

Depositions of interest involve energy loadings of up to about 750 cals/g,

at which level only incipient vaporization may be produced in aluminum, whereas

significant vaporization is produced in tantalum.

This report discusses only the Ktech tests on the Blackjack 3 and 3 Prime

machines. These machines give deposition ranges which are less than the chosen *

Commonality sample thicknesses for both aluminum and tantalum. Measurement

techniques included the use of X-cut quartz gauges for low fluence shots and

carbon gauge and Laser Velocity Interferometry (LVI) for the higher fluence

shots. Details are given in Section 3-4. Great attention was given to con-

sideration of one-dimensionality to ensure that the measured stress waves could

be correlated with the one-dimensionality codes to be utilized by SRI, who have

the overall responsibility for validation of results (see Section 3-5).

Table 2. Electron range compared to stress relief depth.

Relief Thickness Electron Range Re Re/(2C0T)
(2COT - cm) (cm)

Machine Al Ta Al Ta Al Ta

Blackjack 3 Prime 0.039 0.025 0.15 0.024 3.8 1.00
Blackjack 3 0.077 0.050 0.15 0.024 1.9 0.50
REHYD 0.128 0.083 0.15 0.024 1.2 0.30
OWL-2 0.154 0.100 0.15 0.024 1.0 0.24

PI-1150 0.077 0.050 1.10 0.180 14.0 3.60
Hermes 2 0.128 0.083 2.40 0.390 19.0 4.70
Aurora 0.205 0.133 1.80 0.300 9.0 2.30

12
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SECTION 3

EXPERIMENTAL TECHNIQUES AND PREDICTIONS

3-1 GENERAL DESCRIPTION

Figure 1 gives a schematic view of the diode, drift tube and experimental

shots on both Blackjack 3 and 3 Prime (BJ3 and BJ3'). BJ3 and BJ3' have several

features in common. Both machines use a common Marx generator charged to 65 kV.

Both use the same stainless steel drift tube of 15 cm I.D., and both use the same

solenoidal magnetic field pulsed to 7 kV about 6 ms before beam generation and

giving a peak field strength of 25 kilogauss at beam propagation time. The same

anode and cathode are used. The anode is of 6.35 Pm aluminized Mylar, while the

cathode is of ATJ graphite of 6.03-cm diameter with a radiused circumference

yielding a central flat region of 5.08-cm diameter.

BJ3 utilizes an anode-cathode gap of 5.6 mm and is designed to hold off to

1 MV, while BJ3' uses a gap of 8.8 mm and can hold off to 2 MV. The inductance

of BJ3 is 30 nH; that of BJ3' is 45 nH. An overview of the general character-

istics of BJ3 and BJ3' is given in reference 1.

4 It can be seen that electrons leaving the diode enter a compressive magnetic

field which adiabatically heats and constrains the electrons to follow the field

lines along the drift tube. Toward the experimental stations, beyond the peak

magnetic field, the field lines gradually diverge and beam expansion and adia-

batic cooling of the beam occurs. Figure 2 illustrates the magnetic field

strength as a function of axial distance from the anode.

3-2 SPATIAL FLUENCE CALORIMETRY

The spatial fluence measurements were made using standard total beam

stopping carbon calorimetry techniques. The majority of calorimeterg used were

of ATJ graphite, density 1.7 g/cm 3, and of various diameters ranging from

13
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0.635 to 2.24 cm depending on requirements. The most commonly used calorimeter

elements were 0.635 or 0.762 cm in diameter and 1.29 cm long. They had a con-

ically recessed front surface to help mitigate possible front surface fracture

by rapidly dispersing induced shocks. A small steel screw was screwed into the

rear of the calorimeters and a Chromel/Alumel thermocouple was soldered to the

screw.

For spatial mapping purposes nine calorimeter elements were usually used.

These consisted of a central element and two rings of four calorimeters each at

radii of 2 cm and 3 cm. All these calorimeters were mounted in, but insulated

from, a carbon equilibrator block. The latter ensured that the beam was essen-

tially entering a common block of material and that mutual cross scattering

within yielded typical beam fluences at the calorimeters.

The thermocouples were monitored using standard techniques, yielding

visicorder traces of voltage versus time. The use of calibration steps allowed

direct measurements of voltage, while use of the known calibration curve for

the thermocouples yielded temperatures, and the carbon enthalpy data gave

absorbed energy. The beam energy initially resides near the front surface of

the calorimeters (away from the thermocouples); thereafter, the energy diffuses

throughout the calorimeter.

For the carbon calcrimeters and the energy loadings and profile widths

obtained using BJ3 and BJ3', the energy lost by blackbody radiation for the

temperatures induced in these experiments (=2000*C max.) is only a small frac-

tion, and has been ignored; e.g., for a fluence of about 150 cal/cm 2 the radi-

ated loss is <4 percent, while for 75 cal/cm2 it is <1 percent. The energy

loss by conduction through the holder is more significant but it is possible to

16
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correct for the leakage by extrapolating the observed temperature-time trace

back to deposition time.

Conversion from temperature to fluence involves use of quoted enthalpies

for the ATJ graphite and the steel screw, together with knowledge of the geometry

of the calorimeter (total thermal mass and cross sectional area presented to the

electron beam). Thus, if the fluence is cal/cm2 , the cross sectional area,

A (cm2), the masses of carbon and steel, mc and m. (gram), and the enthalpies,

Hc and H. (cal/g) respectively, we have

(mcHc + msHs)/A

where the enthalpies are those appropriate for the observed temperature increases.

Figure 3 gives details of the thermal properties of ATJ graphite assumed in this

work.

Due to shot-to-shot variability, it is necessary to determine the fluence

pertaining to the specific material experiment. This creates difficulties,

particularly at high fluences where the beam narrows in cross section and the

sample prevents use of a central calorimeter. For calorimetry performed simul-

taneously with stress measurements, different calorimeter arrangements were used.

For outboard measurements a ring of four standard calorimeters was used, either

at a radius of 3.0 or 3.18, depending on the equilibrator block. The inner

ring of calorimeters was replaced by two "ring" designs. For some initial shots

a ring of ATJ graphite with a mean radius of 0.92 cm was employed as a single

calorimeter, giving a sample shine radius of 0.635 cm. This gave a good measure-

ment of fluence, but was dropped in favor of a newer ring design with mean radius

of about 1.9 cms. The latter design allowed a larger shine area on the sample of

0.89-cm radius, thereby ensuring longer one-dimensional stress gauge read times.

This design was also monitored using four thermocouples at 90-degree spacing.

The aspect ratio of the geometry was such as to allow the ring to behave

17 4
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essentially as four independent calorimeters. Overlap of thermal energy only

occurred at late times, well beyond the peak thermal readings. Use of this

ring calorimeter in conjunction with the (spatially wider) BJ3 sample irrad-

iations permitted good one-dimensional recording times and simultaneous fluence

measurements next to the sample. This design involved the use of chamfered

edges to prevent beam "shine through," and due allowance was given to account

for the partial transparency of this system to the electron beam (see Figure 5).

The majority of the stress measurements used this latter ring calorimeter,

as did several of the spatial calorimetry shots in which the sample was replaced

by a single large carbon calorimeter. Figures 4 and 5 illustrate the various

calorimeters.

3-3 DOSE-DEPTH CALORIMETRY

o The electron beam deposition profiles in carbon were measured using a stack

of nine ATJ carbon foils having a thickness of 0.066 g/cm 2 each. The ATJ foils

were mounted in holders in such a way as to minimize shock loading to allow limited

movement (due to thermal effects) and to provide spacing between adjacent foils.

The dose-depth stack foils were placed inside the sane large ring calorimeter i
described above (Figure 5) at the point of beam entry. This acted as part of the"J,
equilibrator/aperture system and also allowed additional total fluence calorimetry

measurement. Thus both dose-depth and total stopping calorimetry were performed

simultaneously.

f Thermocouples were attached to the graphite foils outside the shine area and

near the edge of the foils, and the data was recorded and reduced as described

for the total stopping calorimeters.

19
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3-4 STRESS MEASUREMENT TECHNIQUES

The stress measurements were made on samples of aluminum and tantalum which

were each thicker than the electron deposition ranges. The aluminum samples were

about 1.4x electron range, while the tantalum samples were about 3.5x electron

range. In all irradiations, therefore, only the front portion of the samples was

heated by the beams, and any melt and/or vapor region was confined to the front

surface. This arrangement guaranteed that there was always a cold, solid rear

portion to the samples, allowing either (a) direct bonding of a quartz gauge, or A

(b) bonding of PMMA containing a carbon gauge, or (c) use of the free rear sur-

face for LVI measurements, or (d) bonding with fused silica containing a buried I
mirror for other LVI measurements. The sample irradiation areas were chosen to "

be compatible with a good uniform beam and the need to ensure one-dimensionality

of stress measurements (see Section 3-5).

Three basic techniques were used to measure sample stress generation. These

were (a) X-cut quartz gauges, (b) carbon stress gauges, and (c) laser velocity

interferometry (LVI).

3-4.1 X-Cut Quartz Gauges

The X-cut quartz gauges were of the wrap-around design in order to give

maximum noise suppression in the noisy electron beam machine environment. Three

basic gauge thicknesses of 0.25, 0.51, and 0.64 cm were used, giving potential

recording times for single-transit pulses of 0.42, 0.85, and 1.1 us respectively.

The active central electrode area was 0.952-cm in diameter in a1D cases. The

gauges were bonded directly to the rear of the samples. The overall diameter of

the gauges was 3.18 cm for thick, and 2.54 cm for thin gauges. Such quartz gauges

are known to give reliable stress records for stresses (within the gauge) of up to

about 25 kbar. Beyond 25 kbar, the response tends to be nonlinear."
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These gauges were used primarily for measurements at low or intermediate

fluences. Although the pressure-energy coupling for Ta is five times greater

than for Al, Ta suffers a greater degree of stress relief during deposition than

Al. In addition, there is a greater mechanical impedance mismatch between Ta

and quartz than between Al and quartz. These factors allowed measurement of

stresses for both Al and Ta at fluences of up to about 65 cal/cm2 (for Al) and

90 cal/cm 2 (for Ta) without inducing undesirably high stresses in the quartz.

3-4.2 Carbon Stress Gauges

Carbon stress gauges were employed at the highest fluences for measurement

of both Al and Ta stresses. The gauges were of Dynasen manufacture, with dimen-

sions of 0.127 x 0.254 x 0.0089 cm. They were potted into PMMA as the host matrix.
I

The initial intent had been to rely essentially on the LVI system for the

I high fluence measurements. However, the high narrow peak stresses generated in Ta

at the highest doses precluded using the LVI system due to photomultiplier and

oscilloscope bandwidth limitations. Thus the high fluence Ta stress measurements

* ,were mostly obtained with the carbon gauge.

Since carbon gauges already existed in a prepackaged form, these were used

- as available. This involved the use of gauges embedded in PMMA of 0.953-cm total

thickness, and with an initial 0.3175-cm-thick (1/8 in) buffer between the sample

I and the gauge. The buffer was bonded to the rear of the samples.

3-4.3 Laser Velocity Interferometry (LVI)

The LVI measurements employed a HeNe laser operating at a wavelength of
C C

6328 A. De!ny legs on the order of 45 and 104 cm were used as appropriate to

give a convenient compromise of fringe count and fringe frequency to allow goodI
interpretation without serious bandwidth limitations, The basic method is

D, D:.asen Corporation, 20 Dean Arnold Place, Goleta, CA 93017.
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described in reference 2. Particle velocity u(t) is inferred rom the fringe

count F(t) using the relationship

X F(t)u(t) = TT (I+ / o )

where X is the laser wavelength, T is the delay leg transit time, vo is the

standard refractive index of the medium through which the beam travels to and from

the reflector (e.g., vacuum, PMMA or fused silica), and Av is the change in the

refractive index caused by the propagating stress pulse within this medium.

Some LVI measurements were done directly off the rear free surface of the

sample. For this situation the sample required an optically reflecting surfaee.

Since this arrangement yields the highest possible mirror velocity, it was used i
only when consistent with bandwidth limitations.

To reduce the mirror velocity, or to overcomu poor sample reflectivity,

other experiments either loaded the sample rear surface with PMMA while still

using the sample as the mirror, or else made use of a mirror surface embedded

within fused silica. In the latter case the mirror was 0.635 cm (1/4 in) from

the sample. The fused silica was bonded to the rear of the samples.

X
Limitations in time precluded the operation of the most sophisticated LVI

technique, in which the signal is analyzed in quadrature (P and S polarization

vectors) and in which the overall light intensities are individually monitored A

(ref. 3). This sophistication would heve removed the few ambiguities in the LVI

records and more readily allow identification of turnaround points (reversal of

particle motion).

3-5 ONE-DIMENSIONALITY CONSIDERATIONS

To assure one-dimensionality of stress measurement it is necessary to ensure

that no relief waves can reach the region being monitored before arrival of the

required information. Such relief waves can be generated by the finite boundaries
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of the sample or backing material, or by the existence of a steep stress gradient

extending perpendicular (i.e., radially) to the main wave propagation. The

extreme case of this, of course, is the gradient created at the edge of the

electron beam irradiation area. This is generally the most significant "edge" to

consider. Of similar nature, but less severe in effect, is the slowly varying

gradient caused by a non-uniform beam across the irradiation area. Properly

designed experiments employ beam widths where this gradient is kept small.[ Since electron beam deposition involves a finite depth of influence, the

[ shine edge likewise has a finite depth from which relief waves can be generated.

Thus, to be conservative in evaluating the minimum read time for one-dimension-

t ality, it is necessary to compare the times of arrival of the fastest relief wave

from the deepest range of energy deposition at the edge of shine with the axial

arrival time of the main compressive stress pulse.

To compute the above accurately requires exact knowledge of both the compres-

sive and relief wave speeds, which are in general both stress dependent, together

with knowledge of the electron deposition profile. Such facts cannot be precisely

known in advance. Hence "mean" behavior was assumed in determining the probable

one-dimensionality of a given experimental arr,,,igement. A mean exponential depth

of deposition was assumed based on prior ELTRAN code energy deposition predictions

and the stress-dependent shock and release wave speeds were used. This is partic-

ularly important for the LVI and carbon gauge experiments, where the dispersive

[9 or shocking behavior of fused silica and PMMA can have significant effect for the

dimensions involved. Figure 6 shows the overall methodology for computing the

one-dimensional time region, while Figures 7 through 10 show the predicted times

for differing experiments as a function of electron beam irradiation area.

In all cases, except one small area quartz measurement on Al, the stress

waves were one-dimensional up to and beyond the observed peak stresses. The limit

of one-dimensionality is indicated on each stress record shown in Section 4-3.
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R t
Wi r

e-

Vy

eq

X z

x sample thickness

y = depth of monitoring point (carbon gauge, buried mirror)

z = thickness of backer (fused silica, PMMA, or quartz gauge)

R = irradiation radius

r monitor area radius

6 = deposition depth

Using standard geometry to establish path length, we define the
one-dimer:sional read time at the monitor as

iD = (t + tr) - (t + tw)
1D ri r2 W1 w2

where

t path/release speed in sample

tr2 = path/release speed in backer

tw= path/compressive wave speed in sample, i"

t path/compressive wave speed in backer.

For quartz gauges, y = = =

Figure 6. One-dimensionality analysis.
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It is emphasized that this is a very conservative one-dimensional read time

because of the method of calculation, and because time is "started" at the begin-

ning of the stress pulse. Since the early release waves originate from weakly

stressed regions of the material, the corresponding magnitude of release, and

hence perturbation of true one-dimensional conditions, is also small. Thus the

integrated effect of the release waves is small in general, only slowly increasing

in magnitude as time progresses well beyond the stress readings of interest.

3-6 STRESS PREDICTIONS

The predictions for anticipated stress readings were primarily based on the

application of the Gruneisen pressure-energy relationship, together with allow-

ances for stress relief during finite deposition time and stress magnitude varia-

tion for transmitted waves across known impedance mismatches. Allowances were

also made for attenuation of the stress waves during propagation through fused

silica and PMMA, based on "typical" PUFF (ref. 4) computations.

Thus we have

= rssEs ()

as the stress generated for instantaneous deposition within the sample, where

rs = Gruneisen parameter, assumed constant, ps = initial sample density, and

Es = specific energy loading in cal/g in sample.

Stress relief (see Section 2) during finite deposition time gives

p2 = r P E sa (2)

where a is the relief factor and is given (approximately) by

/ 2CT (3)

2CT/

where 6 is the pseudo-exponential dose profile e-folding width in cm, C is

the relief wave speed in cm/sec, and T is the deposition time in seconds

(power pulse measured at its full width-half maximum (FWHM). Figure 11 gives the

stress relief factor, a, as a function of (CT/6) according to equation (3). Also.2.
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indicated are typical ranges for Al and Ta relevant to this work. The relief for

Al is typically small (a 0.75), while for Ta it is very significant (a 0.25).

After beam deposition the stress wave continues to propagate and proceeds to

develop a compressive in-going wave followed by an out-going relaxation wave. The

latter becomes a tensile in-going wave for low energy loadings, but can maintain

a positive pressure during expansion fox copious vapor production. This "split-

ting" of the initial stress profile produces a reduction in peak stress by a 'I

factor of the order of 2, yielding a propagating peak compressive stress given by

03 = rsPsE s a/2 (4)

after traveling a distance comparable to, or greater than, the deposition depth.

Attenuation of the pulse can occur during propagation through the sample itself,

yielding a further factor of (3 change in stress. If this stress reaches a free

rear surface, it will induce a surface velocity given by

2!33 r sPsE s a( sE s a3
UFS - C- p C  = C(5)

PC P5C C

where pC is the sample acoustic impedance = Z.

If the stress propagates into another material (fused silica or PMMA),

then the transmitted stress is given by

2Zload 63
cF04 °3 (6)(14 = 03 (Zload + Zsample) (6)

while the particle velocity (e.g., a buried mirror velocity) is given by

04 2___ 3__ ____ ___

UB  a -c (7) .'

Zload (Zload + Zsample)

Finally, if the expected attenuation of the stress pulse between the

sample/backer interface and the monitoring point is y, we may finally expect

)-
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~~r~ p.~V E

a5 measured * oy (8)
(Zload + Zsample)

or the velocity

UB measured 6 •y (9)

(Zload + Zsample)

3-7 ENERGY DEPOSITION CALCULATION - ELTRAN, AND BEAM CHARACTERISTICS

In order to compute the expected sample stresses, it is necessary to know

the energy deposition within the sample. This can be computed using a Monte

Carlo code such as ELTRAN (ref. 5), using as input the spectrum of electrons and

the mean effective angle of beam incidence to the sample.

Throughout this work use was made of the Sandia Laboratories (Albuquerque)

computerized analys_ of the Blackjack diode characteristics. This system uses

a PDP-11 computer togethkr with a Tektronix R7912 transient digital recorder, and

accepts directly information from the voltage and current monitor probes of the

machine. The system yields initial data for diode voltage and current versus

time. It then applies the necessary correction to the voltage record due to

inductive pickup, and also takes into account the known (measured from short cir-

suit shots) time stagger between the voltage (V) and current (I) measurements.

Thus it can compute the true power versus time behavior, determine the total beam

energy, identify the true corrected peak voltage, and find the deposition time

(FWHM). Of great importance is the fact that from the V and I data the system

also computes the electron spectrum, giving relative numbers of electrons at each

energy. This spectrum is given in histogram form by allocating the electrons

into .twenty "bins" of equal energy width between zero and peak voltage. This

electron spectrum is used as input data for ELTRAN computations in conjunction

with the floating parameter of incident beam angle to the sample.
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Both BJ3 and 3' utilize a solenoidal magnetic field within the drift tube

between the diode and the samples. This field is pulsed on about 6 ms before

beam production and has a peak value of the order of 25 kilogauss. The purpose

of this strong field is to guide the beam down the drift tube. The field

counters any tendency for the beam to radially blow out (due to electrostatic

repulsion) or pinch in (due to electromagnetic attraction) by inducing helical

spiralling of the electrons about the field lines. In effect, the field pro-

duces a scattering matrix through which the electrons can only diffuse slowly

in a direction perpendicular to the main beam axis.

The clear advantage of the magnetic field is the ability to propagate a

well controlled beam over large flight paths of the order of 100 cm with only

a slow variation in beam width (and hence fluence) as a function of axial

position. This latter behavior is the one used to vary fluence.

The disadvantage of the field is that some electrons, particularly of low

energy, can be reflected by the magnetic "mirror" as they enter the converging

field. Thus the beam spectrum reaching the samples may vary from that generated

at the diode, and there is an overall loss of total beam energy reaching the

sample. In addition, the local trajectory of an electron is a complex function

of mean motion of the beam due to overall divergence together with the helical

motion induced about the magnetic field lines. Thus the mean angle of incidence

is a complicated average of all such effects, and averages over all electron

energies and time (see Figures 1 and 2).

These two effects, of possible spectrum change and gross averaging of )

incident angle, are primarily responsible for the usual inability to obtain

perfect fits of ELTRAN computations with calorimetric measurements using the

dose-depth calorimeter stack. Nevertheless, good fits are obtained by using

the spectral information from the diode performance and chosing an appropriate

mean angle for ELTRAN.
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The majority of shots utilized a 0.025 g/cm2 carbon cloth in the beam path.

This was positioned in the maximum magnetic field a distance of 18 cms from the

anode. Its purpose was to help produce a smoother beam (by removing any local

hot spots), absorb very low energy electrons (which can produce dramatic varia-

tions in peak depositions in samples), and prevent anode debris from impacting

the samples.

The cloth's effect on deposition was computed using ELTRAN in two distinct

ways. The first approach, identified as ELTRAN I, treated the carbon cloth as

a simple prescreen filter. Thus the beam is assumed totally one-dimensional

and has a common definition of incident angle. This approach assumes that the

large spacing between the cloth and sample (several 10's of cm) had no influ-

ence on beam behavior. Mutual scattering between the cloth and a sample are

computed as though there were no gap.

The second approach, identified as ELTRAN II, computes for differing

independent angles of incidence at both the cloth and a sample. One angle of

incidence is chosen for beam entry to the cloth. The code computes the trans-

mitted beam, and then an independent angle of incidence is chosen for this

transmitted beam to enter the sample. This approach is physically more realistic

since the beam is probably varying between the cloth and the sample and the

electron angle is expected to vary with the magnetic field strength, and is thus

not truly one-dimensional. However, this version of the code cannot correctly

compute the mutual scattering between cloth and sample. The true advantage of

this second approach, of course, is that it permits use of an additional free

parameter with which to fit the predictions with measured deposition profiles.

33

X1,



SECTION 4

EXPERIMENTAL RESULTS

4-1 CALORIMETRY: BLACKJACK 3 PRIME

The first task was to develop and characterize the BJ3' beam for use, as

appropriate, in commonality experiments. To do this involved spatial fluence

measurements, yielding fluence as a function of axial position along the drift

tube and as a function of radial spacing from beam axis. In addition, dose-depth

calorimetry was used to establish typical deposition profiles from which mean

angles of incidence could be established with the use of ELTRAN.

The fluence measurements were performed over the axial range of 35 to 80 cm

from the diode anode. The overall averaged values are shown in Figures 12 to 19.

It can be seen that the fluence rises from a value of the order of 15 cal/cm 2 at

80 cm axial position to around 180 cal/cm2 at 35-cm axial position. There is a

very rapid change of fluence in the 60- to 70-cm position. Note that all error

bars represent +1 standard deviation on the data. Actual variations could be up

to +3 deviations.

At the low fluence station the beam is essentially flat and occupies the

majority of the drift tube (diameter of 15 cm). At the high fluence station the

beam is much narrower, the half-max fluence occurring at a radius of about 1.5 cm.

At intermediate stations it is observed that the beam is hollow, tending to peak

at a radius of the order of 1.0 cm. This beha.'ior corroborates earlier data

taken on BJ3' (ref. 6).

The hollow beam poses difficulties for stress measurements since it makes

interpretation of the central sample fluences more unreliable, even when supported

by outboard calorimetry. Early shots on BJ3' utilized a small diameter ring cal- I
orimeter having a mean radius of 0.92 cm which was designed to measure fluence as

close to center as possible. However, this produced a rather deep square-section
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tube down which the electrons had to flow to reach the sample. There were

indications that this geometry induces beam perturbations, exagerating the

hollowness of the beam and lowering still further the central sample fluence.

This ring calorimeter also limited the possible one-dimensional read time of

the experiments. For these reasons this ring calorimeter was replaced by a

larger one of 1.9-cm mean radius. The latter was also used on BJ3.

Dose-depth measurements were done at the 64- and 79-cm stations. At high

fluences the beam was less repeatable and was narrower. These facts, together

with considerations of the deposition timings discussed below, prompted the

decision to continue the high fluence stress measurements on BJ3. No dose-depth

measurements were attempted at the high fluence stations for B J3'.

It is seen from Figures 20 through 25 that a reasonable fit to the dose-

depth data could be obtained using ELTRAN and a mean angle of the order of 20 to

30 degrees. In particular, where the thin carbon cloth was employed, on all but

one shot, the better fits were obtained using the more complex ELTRAN II program,

where the initial argle of incidence to the cloth was chosen to be 60 degrees.

The desired BJ3' beam was 800-keV mean energy, with 100 cal/cm2 over 3 to

5 cm2. The actual mean electron energy was 741 + 128 keV. Figures 12 to 19

show that the fluence requirement could also be met, in particular at a position

about 58 cm from the anode where 100 cal/cm 2 is maintained over an area of

about 6 or 7 cm2.

The requirement to achieve energy loadings of the order of 750 cal/g in

2Al or Ta implied fluences of the order of 150 cal/cm2 , assuming a mean coupling

factor for these materials and these beams of about 5 (cal/g)/cal/cm2). Figure 26

shows the general trend of coupling factors versus mean energy derived from ELTRAN

computations. For BJ3' such a fluence exists over a radius of about 1.2 cm for

<20 percent fluence drop. While this is adequate for one-dimensional irradiation
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purposes, the BJ3' Seam was less repeatable than that of BJ3. Inspection of

Table 3 shows that BJ3 gave a similar mean electron energy, 747 + 126 keV, and

a higher total beam energy of 20.6 + 4 kilojoules compared to 17.7 + 3.3 kJ.

The deposition time spanned the range of 26 to 56 ns for BJ3 alone, without the

complications of a secondary power pulse tail seen on BJ3'. For these reasons,

SI the majority of sample shots were performed on BJ3. (See also Section 4-4.)

4-2 CALORIMETRY: BLACKJACK 3

Use of BJ3 necessitated a similar beam characterization as for BJ3'. Figures

27 to 34 show the fluences as a function of axial position and radius. Again,

all error bars are +1 standard deviation for fluence. A similar trend to that

of BJ3' is observed; however, there are two major differences. Firstly, at no

station does the beam become hollow . The peak central fluence drops and the

beam width increases in a monotonic, orderly fashion with axial distance from the

anode. Secondly, the BJ3 beam width is greater than that of BJ3'. This accords

with the greater overall total beam energy (see Table 3).

At 49 cm from the anode, peak fluences of about 170 cal/cm2 are obtained,

with the half-max fluence at a radius of about 2.0 cm. At 79 cm from the anode,

the fluence is about 18 cal/cm2 and essentially flat across the entire drift tube.

This implies a total beam of about 13 kJ which is about 65 percent of the diode

beam energy determined from the V and I records. This confirms that beam loss

occurs during propagation down the drift tube.

At a radius of about 2 cm, two distinct sets of data were obtained. One

was from the ring calorimeter system (4 thermocouples) with a mean radius of

1.9 cm. The other was from four independent calorimeters, 0.762-cm in diameter,

with a mean radius of 2.0 cm. An apparent systematic difference was observed;

however, closer inspection revealed that the limited number of shots using the

2.0-cm separate calorimeters were shots involving higher than average total beam

e nergy.

except slightly at the lewest fluences.
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Inspection of all the shots revealed that there was an expected correlation

between calorimetry values and the total beam energy. In addition to the normal

shot-to-shot variations, there was also observed a slow variation in overall beam

energy, with a corresponding variation in fluences. Indeed, a steady downward

trend in behavior, culminating in bad voltage and current monitor performance,

was the reason for a refurbishment of BJ3, accounting for some lost

experimental time.

Figure 35 shows the sequential behavior of BJ3 at the 49-cm station. The

importance of such behavior lies in the fact that a close packed group of shots,

while having a small spread in results, can yield mean values different from

other shots performed at significantly different times. This fact is demon-

strated in Figures 31 to 34, where the fluence values for dose-depth measure-

ments are seen to be offset from the mean values obtained by spatial calorimetry,

especially at the 49- and 64-cm stations. Both the inferred fluences entering

the foil stack and the corresponding ring calorimeter fluence values are offset I
downward for these two stations. Inspection of data reveals that these shots

were done in groups and that the total beam energy was lower than average. At j
the 79-cm station the dose-depth values are offset slightly to the high fluence

side of the mean values and, correspondingly, the total beam energies for these

shots were higher than average.

Thus, it is concluded that Figures 27 to 34 show the overall average

behavior of BJ3, while specific shot values maintain similar behavior but scale I
up or down in magnitude with the total beam energy of the shot. This factor,

together with knowledge of the calorimetry values of a specific stress shot,

allows more accurate assessment of fluences incident on the samples. "

The dose-depth measurements and corresponding ELTRAN computations are shown

in Figures 36 through 47. All but two of these shots utilized the 0.025 g/cm
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Figure 35. BJ3 sequential shot behavior.
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Dose-Depth Plot Shot 012725 79 cm
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Figure 36. BJ3 dose-depth plot.
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Dose-Depth Plot Shot #B2728 79 cm
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Figure 37. BJ3 dose-depth plot.
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Dose-Depth Plot Shot #B2871 64 cm
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Figure 38. BJ3 dose-depth plot.
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60Dose-Depth* Plot* Shot #B2875 64 cm
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Figure 40. BJ3 dose-depth plot.
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Dose-Depth Plot Shot #B2877 79cm
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Dose-Depth Plot Shot #B2878 79 cm
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Figure 42. BJ3 dose-depth plot.
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Dose-Depth Plot Shot #B2879 79 cm
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Figure 43. BJ3 dose-depth plot.
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Dose-Depth Plot Shot #B2881 49 cm
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Figure 4A. BJ3 dose-depth plot.
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60Dose-Depth Plot Shot #B2886 49 cm
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Figure 45. BJ3 dose-depth plot.
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Dose-Depth Plot Shot 1B2944 79 cm
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Dose-Depth Plot Shot #B2945 64cm
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carbon cloth at maximum magnetic field position. Again, the more complex

ELTRAN II computer program gives the better overall fit using a consistent

angle of incidence into the dose-depth carbon cloth of 60 degrees. The best

fit angle of incidence into the dose-depth stack is in the range of 30 to 45

degrees. There appears to be a cyclic trend in this best angle, going from

30 degrees at the highest (49-cm) and lowest (79-cm) to 45 degrees at the

intermediate (64-cm) station.

The distinction between the "D-D ELTRAN" and "D-D measured" values in

Figures 31 to 34 is that the latter represents the simple integrated fluence

directly inferred from the foil stack, while the former represents the best fit

.4I of the carbon calorimeters is usually only a few percent.

The horizontal bars on the above figures indicate the histogram widths

due to the finite sizes of the calorimeters.

The fluence quotes associated with each stress shot are based on the

overall beam characteristics, but adjusted according to additional data such

as calorimetry performed on the shot and the total beam energy of the shot.

i The error bars quoted are a reflection of the uncertainties in the radial pro-

files of any given shot. Thus, even though calorimetry data was obtained

outboard of the sample, uncertainties in the radial profile reflect as

uncertainties in the mean fluence existing across the sample.

4-3 MATERIAL STRESS MEASUREMENTS

Tables 4 and 5 summarize the overall material stress matrix, showing

numbers of samples, sample typp, instrumentation and rough fluence range.

Tables 6 through 9 identify specific shots, giving instrumentation, geometry

and inferred sample fluences.
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Table 5. Overall summary of experiments.

BJ 3

Total dose-depth measurements = 12

Total spatial measurements = 52

Total sample measurements 11 Alk, 7 Alc, 9 Tak, 3 Ta,

BJ3 Prime

Total dose-depth measurements = 6

Total spatial meaisurements = 50

Total sample mreasurements 4 Alk, 3 Alc, 2 Tak, 2 Tac

Combined

:1 Total dose-depth measure-aLrnts =18

Total spatial measurements =102

Total sample measurements 14 Alk, 10 Alc, 11 Tak, 5 Tac

Code: Alk = Ktech aluminum, etc.

Alc =Commonality aluminum, etc.

IJ
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iii
GEOMETRICAL OPTIONS

Sample Gauge or Buffer

I----- Buried Monitor

I (mirror or carbon gauge)

.. x Sample Thickness

y Monitoring Depth

1<  z - A Total Buffer/Backer Thickness

Table 6. Commonality aluminum: instrumentation, geometry, fluence.

Shot Material Dimensions Fluence
No. Instrumentation x (cm) (cm) z (cm) (cal/cm2 )

P2785 X-cut Quartz 0.250 0.0 0.636 19 + 3

P2801" X-cut Quartz 0.257 0.0 0.636 55 + 10

P2802 X-cut Quartz 0.255 0.0 0.637 55 + 10 T

B2820" X-cut Quartz 0.256 0.0 0.637 15 + 10

B2937 Carbon Gauge in PMMA 0.249 0,3175 0.953 15 + 10

B2940 Carbon Gauge in PMMA 0.250 0.3175 0.953 160 + 25

B2894 LVI in Si0 2  0.256 0.635 1.902 120 + 20

B2907 LVI in Si0 2  0.249 0.635 1.902 90 + 30

B2919 LVI in Si0 2  0.253 0.635 1.902 150 + 30

B2920 LVI in Si02  0.254 0.635 1.902 1.50 + 20

* See Appendix B for stress record.
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CEONE'I'RICAL OPTIONS

Sample --------- Gauge or Buffer

Buried Monitor
(mirror or carbon gauge)

x VSampleThcns
y oioin et

z Total Buffer/Backer Thickness

Table 7. Ktech a.Lluinum: instrumentation, geometry, flueLLLe.

Shot Material Dimensions Fluence
No. Instrumentation x (cm) y (cm) z (cm) (cal/cm2 )

P2715 X-cut Quartz 0.280 0.0 0.507 18 + 4

B2729 X-cut Quartz 0.280 0.0 0.509 15 + 3

B2738 X-cut Quartz 0.280 0.0 0.507 40 + 5

P2779 X-cut Quartz 0.280 0.0 0.636 8 + 3

P2782 X-cut Quartz 0.278 0.0 0.637 25 + 5

B2922* X-cut Quartz 0.281 0.0 0.509 13 + 5

P2814 Carbon Gauge in PMMA 0.281 0.3175 0.953 120 + 40

B2906 Carbon Gauge in PMI4A 0.258 0. 3175 0.953 112 + 20

B2936 Carbon Gauge in PMMA 0.281 0.3175 0.953 155 + 30

B2889 LVI in S10 2  0.280 0.635 1.905 155 + 30

B2890 LVI in SiO2  0.280 0.635 1.905 170 + 30

B2897 LVI free surface 0.280 0.0 0.0 150 + 20

B2898 LVI free surface 0.280 0.0 0.0 170 + 30

B2904 LVI free surface 0.279 0.0 0.0 145 + 40

B2905 LVI in PI'ThA 0.274 0.0 1.27 100 + 20

*See Appendix B for stress record.
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GEOMETR [CAL OPTIONS

Sample ---- Gauge or Buffer

Buried Monitor

(mirror or carbon gauge)

- Sample Thickness

y k Monitoring Depth

z Total Buffer/Backer Thickness

Table 8. Commonality tantalum: instrumentation, geometry, fluence.

Shot Material Dimensions Fluence

No. Instrumentation x (cm) y (cm) z (cm) (cal/cm2)

P2788 X-cut Quartz 0.074 0.0 0.512 18 + 5

P2809 X-cut Quartz 0.076 0.0 0o509 50 + 15

P2896 X-cut Quartz 0.080 0.0 0.635 20 + 10

B2908 Carbon Gauge in PMMA 0.080 0.3175 0.953 115 + 25

B2943 Carbon Gauge in PMMA 0.079 0.3175 0.953 160 + 30

3.
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GEOMETRICAL OPTIONS

Sample -- Gauge or Buffer

Buried Monitor(mirror or carbon gauge)

S- x Sample Thickness

t y kMonitoring Depth

z Total Buffer/Backer Thickness

Table 9. Ktech tantalum: instrumentation, geometry, fluenceo

Shot Material Dimensions Fluence

No. Instrumentation x (cm) y (cm) z (cm) (cal/cm2)

P2716 X-cut Quartz 0.310 0.0 0.507 14 + 10

B2732 X-cut Quartz 0.127 0.0 0.509 21 + 4

P2803 X-cut Quartz 0.132 0.0 0.253 40 + 15

B2824 X-cut Quartz 0.132 0.0 0.256 30 + 10

B2885* X-cut Quartz 0.130 0.0 0.256 130 + 20

B2888 X-cut Quartz 0.130 0.0 0.256 150 + 30

B2935 X-cut Quartz 0.131 0.0 0.256 60 + 20

B2938 X-cut Quartz 0.130 0.0 0.256 135 + 30

B2939 Carbon Gauge in PMMA 0.131 0.3175 0.952 170 + 30

B2893 LVI in S1O2  0.133 0.635 1.905 115 + 30

B2895 LVI in S10 2  0.130 0.635 1.905 170 + 30

* See Appendix B for stress record.
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The stress data are given in the form of quartz gauge stress, carbon

gauge stress, or material velocity (for the LVI). Figures 48 through 55 show

the Al * records, Figures 56 through 69 show the Alk* records, while Figures
C*

70 through 74 show the Tac records and Figures 75 through 84 show the Tak

records. The X-cut quartz gauge records have been unfolded from voltage to

stress using standard calibration data (ref. 7). The carbon gauge records have

been unfolded from known calibration data for these gauges (ref. 8). The LVI

records of velocity were unfolded using standard fringe counting techniques

together with the knowledge of the delay leg length.

Tables 10 and 11 give the supporting machine parameters for these shots.

Full details of the energy spectra (bin data) are given in Appendix A for all

the sample stress shots.

Except for the LVI measurements of sample free rear surface velocity, none

of the records directly measured conditions within the samples. Thus, the

quartz gauge records need further unfolding to account for the hydrodynamic

impedance mismatch between sample and gauge. Since the gauge monitors the

interface stress, however, no attenuation need be accounted for, except that

inherent within the sample itself.

For the carbon gauges the observed stress was that in the host matrix of

PMMA. The small impedance mismatch between the very thin carbon gauge (and

package of Kapton) and the PMMA allows the gauge to register the PMMA stress

value within less than 20 ns. This is short compared with the observed stress

rise times, allowing good resolution of the entire stress pulse shape. The PMMA

has a low acoustic impedance and so gives a significant stress reduction at the

sample/PMMA interface (see Appendix C), and results in multiple reverberations

of the initial stress pulse within the sample. This can lead to additional

tensile spalling within the sample on top of the vapor or melt loss that occurs

* C = Commonality material; K = Ktech-supplied material.
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QUARTZ BLACK JACK 3 SHOT #P2785
GAUGE STRESS

STRESS (KB) PEAK = 7130.25 BARS
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4I

2

1-D0/

0 1 .2 .3 .4 .5 .6 .7 .8 .
1E-6 =S

1-D Indicates limit of one-dimensionality :

S (very conservative)

G Indicates limit of quartz gauge
single-transit read time

Figure 48. Commonality aluminum quartz gauge record.
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QUARTZ BLACK JACK 3 SHOT P28 2
GAUGE STRESS [STRESS (KB) PEAK - 17863.2 BARS
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5 -(

l-D
4.
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6 .1 .2 .3 .4 .5 = "  .7 .8 .9
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Figure 49. Commonality aluminum quartz gauge record.
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CARBON BLACK JACK 3 SHOT # 2937
GAUGE STRESS

IE-3 =STRESS (KB) PEAK 441.139 BARS
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Figure 50. Commonality aluminum carbon gauge record.
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CARBON BLACK JA~CK 3 SHOT #132940
GAUGE STRESS

STRESS (KB) PEAK -14212.4 BARS
18- - - - _ _ - - ---

16- - - --- _ _
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Figure 51. Commonality aluminum carbon gauge record.
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Figure 53. Ooiunonality aluminum LVI record.
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Figure 54. Commonality aluminum LVI record.
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Figure 55. Commonality aluminum LVI record.
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Qurt

Quartz BLACK JACK 3 SHOT #82729

GAUGE STRESS
STRESS (KB) PEAK u 5143.5 BARS
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6--D
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1E-6 =S

Figure 57. Ktech aluminum quartz gauge record.
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QUARZ BLCK JCK 3SHOT #92738
GAUJGE STRESS
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Figure 58. Ktzech aluminum quartz gauge record.
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QUARTZ BLACK JACK 3 SHOT #P2779
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Figure 59. Ktech aluminum quartz gauge record.
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QUARTZ
GAUGE STRESS BLACK JACK 3 SHOT # P2782

STRESS (KB) PEAK =8558.08 BARS
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2- 
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Figure 60. Ktech aluminum quartz gauge record.
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CARBONBLACK JACK 3 SHOT #82814
GA~UGE STRESS

STRESS (KB) PEWK 6682.54 BARS
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Figure 61. Ktech aluminum carbon gauge record.
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Figure 62. Ktech aluminum carbon gauge record.
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CARBON BLACK JACK 3 SHOT #82936
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Figure 63. Ktech aluminum carbon gauge record.
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Figure 64. Ktech aluminum LVI record.
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Figure 65. Ktech aluminum LVI record.
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Figure 66. Ktech aluminum LVI record.
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Figure 67. Ktech aluminum LVI record.
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Figure 68. Kteeh aluminum LVI record.
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I Figure 69. Irtech aluminum LVI record.
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QUARTZ BLACK JACK 3 SHOT # P2809
GAUGE STRESS

STRESS (KB) PEAK =9937.74 BARS
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Figure 71. Commonality tantalum quartz gauge record.
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Y & Figure 72. Commonality tantalum quartz gauge record.
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Figure 73. Commonality tantalum carbon gauge record.
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CARBON BLACK JACK 3 SHOT #82943
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Figure 74. Commonality tantalum carbon gauge record.
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QUARTZ BLACK JACK 3 SHOT P2716
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Figure 75. Ktech tantalum quartz gauge record.
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QUARTZ BLACK JACK 3 SHOT #62732
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Figure 76. Ktech tantalum quartz gauge record.
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Figure 77. Ktech tantalum quartz gauge record.
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QUARTZ BLACK JACK 3 SHOT #62824

GAUGE STRESS
STRESS (KB) PEAK =6822.45 BARS

5-

4 4

3-3;

I- D

0' .1 2 .3 .4 .5 .6 .7 .8 .9 1

: 1E-6 =S

Figure 78. Ktech tantalum quartz gauge record.
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QUARTZ BLACK JACK 3 SHO 8#2888
GAUGE STRESS

STRESS (KB) PEAK =22779.4 BARS
30- --

28t-o

-40

-50-

IE-6 =S

Figure 79. Ktech tantalum quartz gauge record.
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QUARTZ BLACK JACK 3 SHOT #82933
GAUGE STRESS

STRESS (KB) PEA:K W 50.0 BARS

15,-

I~ !I

Z .2 .4 .6 .8 1ACJ.4 1. 1S 8 2

1E-6 =S :

I

fill Figure 80. Ktech tantalum quartz gauge record.
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QUARTZ BLACK JACK 3 SHOT *2938
GAUGE STRESS

STRESS (KB) PEAK 20300.0 BARS

80 -

40 - --

20

-40_ _ . ._°
0 .2 .4 .6 .8 . .4 1.6 1.8 2

1E-6 =S

Figure 81. Ktech tantalum quartz gauge record.
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QUARTZBLACK JACK 3 SHOT 0B2939
GAUGE STRESS

STRESS (KB) PEAK *6193.86 BARS

7-

4 1-4 - -

-~1E-6 -S

Figure 82. Ktech tantalum carbon gauge record.
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Figure 83. Ktech tantalum LVI record. 7
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Figure 84. Ktech tantalum LVI record.
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Table 10. Aluminum shots: machine characteristics summary.
Shot Beam Mean Energy FwHM Peak Energy

Materials No. Machine (kJ) (keV) (ns) (MeV)

Alc P85 BJ3P 20.7 800 41 1.35

P2801 BJ3P 21.3 644 40 1.13

P2802 BJ3P 17.2 622 34 1.16

Al. B2820 BJ3 25.7 724 44 1.28
c

Al B2937 BJ3 10.93740.9

B2940 BJ3 21.9 744 53 1.19

B2894 BJ3 12.34 706 33.5 1.20

B2907 BJ3 15.0 818 32 1.36

B2919 BJ3 23.1 800 47 1.31

Alc B2920 BJ3 21.1 794014

Ak P2715 BJ3P 14.1 824 40 1.16

B2729 BJ3 15.3 548 41 1.07

B2738 BJ3 17.0 488 33 1.33

P2779 BJ3P 4.6 466 38 0.83

P2782 BJ3P 23.1 750 39 1.39

B2922 BJ3 3.4 773 30 1.35

P2814 BJ3P 17.0 510 38 0.98

B2906 BJ3 14,0 825 29 1.39

B2936 BJ3 20.9 618 53 0.94

B2889 BJ3 22.6 537 39 1.08

B2890 BJ3 18.1 952 36.5 1.72

B2897 BJ3 25.0 978 46 1.52

B2898 BJ3 23.0 900 47 1050

B2904 BJ3 17.3 849 39 1.47

Alk B95 BJ3 14.0 892 30 1.51
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Table 11. Tantalum shots: machine characteristics summary.
Shot Beam Mean Energy FWHM Peak Energy

Materials No. Machine (kJ) (key) (ns) (MeV)

Tac P2788 BJ3P 19.5 663 32 1.27

:1P2809 BJ3P 20.2 582 48 1.02
B2896 BJ3 18.8 582 45 1.16

B2908 BJ3 14.6 818 30 1.37

T1 B2943 BJ3 22.1 756 47 1.37

Tk P2716 BJ3P 14.0 846 29 1.33

B2732 BJ3 16.5 483 36 1.33

P2803 BJ3P 18.8 749 35 1.20

B2824 BJ3 22.5 916 39 1.52

B2885 BJ3 19.9 918 38 1.51

B2888 BJ3 21,1 824 49 1.18

B2935 BJ3 15.8 656 42 1.08

B2938 BJ3 19.9 597 42 1.07
A7

Tak B2939 BJ3 19.8 623 53 0.99

Tak B2893 BJ3 18.6 789 36.5 1.42

4Tak B2895 BJ3 22.9 900 49.6 1.56

4W
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at the front surface, and also accounts for the long pulse duration observed

in the carbon gauge records.

Whereas the quartz gauge records give the overall appearance of a typical

deposition-profile stress wave, the carbon gauge records do not except at low

stresses. The PMMA shock speed is a rapidly increasing function of stress, and

this causes rapid "shocking up" of the stress pulse as it propagates through the

0.3175-cm-thick PMMA in front of the gauge. Thus, the initial rise time of the

records is shortened into a shock front. PMMA also has a rapid increasing

release wave speed for increasing stress. This results in a long-lived Taylor

expansion tail following the peak stress. These effects are readily predicted

by PUFF (ref. 4) hydrocode computations. These wave profile distortions are

accompanied by significant attenuation of the peak stresses. An illustration

of such effects based on PUFF computations is given in Appendix D.

Typical narrow Ta stress waves of about 80-ns width at beam deposition time

widen and distort to give stress pulse widths of the order of 1 us after propa-

gating through 0.3175 cm (1/8 inch) of PMMA. This long release tail is a mixture

of the PMMA release behavior together with an overlay of reverberation behavior

within the sample feeding successive pulses (of diminishing amplitude) into the

PMMA. Unfolding of the carbon gauge data necessitates an accurate knowledge

of the PMMA equation of state (EOS).

For the LVI records, three conditions applied. Some shots used the rear

free surface of the samples as mirrors. For these measurements, only the inher-

ent hydrodynamic behavior of the sample is involved, such as internal stress

attenuation and the factor of 2 (approximately) jump in particle speed at the

surface. One record used the sample rear surface as a mirror, but loaded the

sample with PMMA. For this shot, the mismatch condition at the interface is

involved, but the propagation through the PMMA is not relevant, except for the
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ell small correction required due to changes in the refractive index (see ref. 2).

V The remaining LVI shots utilized samples loaded with fused silica containing

V1a thin (1500 ) buried mirror 0.635 cm (1/4 inch) from the sample/silica

Iinterface.
For these latter shots, both the interface impedance mismatch and the

propagation through the silica must be accounted for. Unlike PMMA, silica

exhibits a reducing stress wave speed with increasing stress over the range of

0 to 60 kbar, rising with stress only for higher stresses. This behavior results

in a "ramping out" of the stress wave giving dispersion and an increasing rise

time. Thus, again, narrow Ta pulses become widened, but the pulse profile more

nearly resembles that of the initial deposition plot. Again, attenuation of

the peak stress occurs, and unfolding of these buried mirror LVI records

necessitates accurate knowledge of the fused silica EOS.

Differences in the behavior of the two aluminums are discerned. The Ktech

supplied material is of 6061-T6 stock and displays an elasto-plastic knee in the

neighborhood of 5 kbar. The commonality material is of 1100 type stock and

displays a lower, less obvious elasto-plastic knee (1 to 3 kbar) as expected

(refs. 10 and 11).

An important feature of the records is the existence of a sustained low

stress at late times for high fluence shots on tantalum. This effect is not

observed for the aluminum. Shots 2908 and 2939 most clearly show this. It is

probable that this is caused by vapor production on the tantalum surface, and

can be seen to occur before any significant limitations would be imposed on

the records by one-dimensional read time considerations. The "vapor tail" is

seen on all high dose records with carbon and LVI records, including some poor

quality shots not itemized in this report.
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4-4 MACHINE PERFORMANCE

During the experimental period, a total of 161 shots were performed. Of

these, 41 were stress measurements, 18 were dose-depth calorimetry measurements

and 102 were spatial fluence calorimetry measurements. Of the stress measure-

ments, 15 were on material from the commonality stock (and of limited supply),

while the remainder were of Ktech supply. These latter samples were used to

(i) help verify the overall commonality results, and (ii) help determine the

machine behavior and diagnostic setup to minimize accidental loss of commonality

results due to inappropriate conditions. )

Table 3 summarizes the two machine performances over all the experimental

sessions, regardless of type of shot. The original anticipation had been for

a deposition time (FWHM) of about 30 ns for BJ3' and 50 to 60 ns for BJ3.

However, the data reveal that the differences were less than expected, and with

variations sufficient to span the above range. Thus, BJ3' gave 35.6 + 4.3 ns

(standard deviation), and BJ3 gave 43.6 + 7.0 ns. Individual shots ranged from

24 to 56 ns for both machines! An additional factor was that BJ3' frequently

gave a second small power pulse following the main pulse which was low in mean

energy. Low energy electrons are responsible for much of the peak sample energy

loading near the front surface. Since these electrons were generated late in

time, the effective overall deposition time for all low energy electrons was 7

significantly longer than for the high energy electrons. This complicates the

effects of "swiftness" and of hydrodynamic computations. Additionally, such

low energy electrons are the most likely to be lost from the beam while propagat-

ing down the drift tube. Thus, the diode-drived energy spectrum may not be an

accurate enough representation of the incident beam on the samples. Figure 85

illustrates this late tail behavior of BJ3' and contrasts it with the single

pulse behavior of BJ3.
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Figure 85. Typical power curves.
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4-5 ACCURACY

The accuracy of fluence measurements on individuol calorimeters is about

+10 percent. This is essentially determined by the extrapolation of temperature

back to time zero (shot time) to allow for heat leakage from the calorimeters,

and is greater than the uncertainties in either the thermocouple calibration

(known to +1 percent [ref. 9]), or the enthalpy data (known to +5 percent

[ref. 1]).

Stress and velocity measurements are better than +5 percent, with the

quartz and carbon calibration data being good to +1 percent (ref. 7) and +5 per-

cent (ref. 8), and fringe measurements being good to +1 percent for low veloc-

ities and +5 percent for peak velocities.

The 7912 digital analysis of machine behavior gives precise values. However,

the system output is known to be quite sensitive to adjustment in various para-

eters. For example, during sbort-circuit shots the time stagger between the

voltage and current recordings is established. This parameter (of a few ns) is

important for establishing the true power curve, the electron energy spectrum

and the inductively corrected voltages. Depending on the electron pulse (overall

time width, etc.), these various properties can be sensitive in value to the time

stagger. Likewise, an adjustment to the "zero" of voltage can significantly

influence the analysis of the pulse. This is especially true of the BJ3' pulse

in which the significance of the secondary power pulse varies according to the 3
choice of zero voltage. Thus, while the system has precision, it is not neces-

sarily accurate in assessing the true electron spectrum. The fits of the ELTRAN

computations to the measured dose-depth data give the relevance of the assessed

diode data. It is seen that while some fits are very good, others are less so,

and the fitted angle of incidence can vary by up to +30 percent.

* To unfold the quartz and carbon gauge records also involves use of the EOS

of quartz and PMMA. These Hugoniot data are quoted in Appendix C.
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SECTION 5

CONCLUSIONS AND RECOMMENDATIONS

5-1 CONCLUSIONS

The objectives of this contract have been well met. Both Blackjack 3 Prime

and Blackjack 3 have been well characterized. Energy density loadings of up to

about 1000 cal/g are possible in Al and Ta over irradiation areas large enough

to give reliable stress measurements which are one-dimensional for long times,

between 500 ns and 2 ps, depending on exact geometry of recording system. These

are also very conservative one-dimensional read times; the useful one-dimensional

read times are longer. In addition, dose-depth measurements were accomplished at

4: energy loadings in carbon of up to 750 cal/g, which to our knowledge is a level

not previously achieved by other experimenters.

In particular, BJ3 gives a wide, high fluence beam (e.g., =I00 cal/cm2 over

10 cm2) and by suitable adjustment of the diode impedance match to the Blumlein

can be made to give pulses of time duration (FWHM) of between 30 and 60 ns. This

time range coupled with the deposition profile characteristics of BJ3 provides

a very useful combination of beam properties for investigating many aspects of

sample response. For example, vaporization can be induced in Ta in such a way

as to still allow easy measurement of stress owing to the ability to irradiate

a large area. BJ3' is not presently very useful owing to the late secondary power

pulse of low energy, giving long ambiguous deposition times.

A great deal of information has been obtained on both Al and Ta and over

energy loadings of between about 10 and 1000 cal/g. Thus the complete range of

material responses, of small stress solid behavior through to copious vaporization

(for Ta), have been investigated. The results agree well with initial predictions,

taking into account the induced energies, stress relief during deposition, and
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wave attenuation during propagation. The few anomalous records are understood

(e.g., gauge saturation or break down) and such records have been included, for

completeness, in Appendix B.

Of great significance is the observation of a residual late time low stress

in those samples of Ta irradiated sufficiently intensely to induce surface vapor -4

ization. This effect was not seen for Al samples, and was quite repeatable for

the Ta at the highest dose. It is thus a function of vaporization. This vapor

tail is much higher in amplitude than predicted with the PUFF equation-of-state

model.

5-2 RECOMMENDATIONS

In view of the above mentioned "vapor stress tail," it is recommended that

detailed analysis of the three-phase (solid, liquid, vapor) behavior of Ta be

done. The PUFF hydrocode does not compute the liquid/vapor transition adequately

as it does not have a liquid phase. The CHART-D code is more realistic in this

regard, and is particularly relevant for situations such as those of the high

fluence Ta shots. In these, vaporization was initiated but the energy loadings

were not intense enough to take the material above total vaporization (i.e.,

including latent heat of vaporization at a total enthalpy of 1290 cal/g). The

deposition profile also induced loadings giving states between vapor and cool

solid, and the observed stress records integrate these effects. A complete

equation of state such as that in the CHART-D hydrocode is needed to adequately

describe these effects.

It is recommended that future studies be made on Ta, at several values of

specific energy in the vapor region, to generate an understanding of the vapor

pressure tail and to increase the data base for this material. Such studies

should also be made of other materials which can be vaporized (e.g., Au, Pb, Cu)

to correlate their behavior with that of Ta.
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Future work should include the study of porous metals, especially porous

high Z ones such as Ta (85 percent dense). Porous material response is strongly

coupled to deposition time, and is a function of pore size and vapor behavior.

- Many shielding materials contain high Z constituents and are frequently porous.

In addition to Ta, the solid and porous versions of vanadium at levels up to

and including vaporization should be studied. Vanadium is an important cermet

constituent.

Design of experiments with porous Ta (and V) should fully anticipate the

elasto-plastic properties of porous materials such as the fast elastic wave,

slow plastic (core collapse) wave and the rapid release waves. This necessitates

care on sample thickness and one-dimensionality considerations. Situations sim-

ilar to those used for the Al and Ta on BJ3 should yield good data. Owing to

toxicity problems of various cermet constituents, such work needs to be done on

a machine such as REHYD. This machine has similar behavior to BJ3 and can handle

toxic materials.

The wave propagation studies mentioned above need to be fully supported by

studies of the effective Gruneisen parameter for porous materials. To do this

a high energy beam, such as that of HERMES, is needed to induce a uniform energy

loading within a sample (rather than a profiled deposition dropping to zero

loading). Particle motions can be monitored (by LVI) to ascertain the induced

stresses. The Gruneisen constant is an essential parameter for prediction and

correlation of stress generation and measurement.

In view of the known sensitivity of the electron spectrum to current and

voltage time correlation and the inductive voltage correction, and the consequences

on predicted deposition profiles and stress profiles, it is recommended that a

detailed study be made to assess this sensitivity. Ktech Corporation is in an
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ideal position to do this study. Such a study would complement the analysis

done by SRI, providing them a matrix of calculated deposition profiles against

which their own hydrodynamic predictions of observed stress could be compared;

the study would also generate the electron spectrum and (ELTRAN) deposition

profiles as functions of time during the deposition. This information is

needed as input to the hydrocodes for accurate stress generation calculation,

especially for cases such as Ta where considerable stress relief occurs during

energy deposition.

It is recommended that further work be done by MLI on the BJ3' to eliminate

the second pulse. For example, the pulse can be crowbarred immediately after

the first main pulse. Although this would reduce the total beam energy a little,

it would result in a well controlled beam with a short deposition time of about

30 ns. This would make it a very useful machine for studying narrow stress pro-

a

files (such as solid Ta) where little "swiftness" stress relief has occurred.

A better, more costly, solution would be to better match the BJ3' machine com-

ponents to reduce reflections and eliminate the second pulse without sacrificing

total beam energy.

I.
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APPENDIX A

SPECTRAL INFORMATION ON STRESS SHOTS

Histograms of stress-shot data are presented first, followed by tabulations

of stress and dose-depth data. The shot numbers are listed according to material

type.
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UBLKJkiK-3' SHOT # P27 10 R7-APR-79 8:4S

BINS VALUES UOLTS VALUES/MAX
I S.47431E+15 36691.7 .193018
2 2.98080E+15 110075 .1051
3 2.41023E+15 183458 .0849821
4 3.16339E15 256842 .i1538
5 4.25721E+IS 330225 .150105
6 3.81975E+15 403609 .1346S
7 2.90993E+15 476992 .102601
8 3.73128E+15 550375 .131561
9 1.33462E+15 623759 .0470571
10 3.13514E+15 697142 .110542
11 2.48668E+15 770526 .0876778
12 3.88193E+15 843909 .136873
13 3.09906E+15 917292 .109269
14 2.83616E+16 990676
15 ?.15064E+i5 1.06406E+06 .2521P4
16 5.91376E+i5 1.13744E+06 .208513
17 4.529G5E+15 1.21083E+06 .159711
18 5.23395E+15 1.28421E+06 .184543
19 6.88927E+1S 1.35?59E+06 .242908
20 1 .32640E+16 1.43098E1-06 .467673

AVE. ENERGY- 896255

RMS DEVIATION 410573

EITATION- 45.8099'.

! 1 136



f7 7
4

I',LKJiiCK-3' SHOT P25 3-PR-79 10:45

i
,S BINS VALUES UOLTS VALUE5 /MAX

1 4.?i88E+1S 28939.3 .162752
2 .65072E+15 86818 .0592568
3 1.97425E+15 144697 .0705012 i
4 2.22165E+15 202575 ,0794'484
5 1.47745E+15 260451 052a35

4 6 2.09039E+15 318333 .0747545
r 8. 05619E+14 376211 't.8U97

,t 8 1.68678E+14 434090 6.032IOE-03
9 I.87629E+15 491969 6 !833 31! 0 I. 42a.-E+ 15 549847 .058.o9., 1

11 9.50350E+14 607726 .0339'.!.3
12 i.52519E+15 665605 .0545424

213 i.I1516E+15 723483 •07;641
14 3.66149E+15 781362 .130933
15 8.35716E+IS 839241 .2986
16 2.79634E+16 897120 1
17 1.4SSO0E+16 954998 .532122
18 5.80918E+1S 1.01288E+06 .2077-2
19 6.57247E+15 I. 07076E+06 .235033
20 1.64822E+16 1.12863E+06 .589421

AVE. ENERGY- 824211

RMS DEQIATION- 303196 I .:

DE'TiATIC'N - 3 . 786 :'

137

7. -'1



ELKJHCK-3' SHOT # P2716 DO-APR-79 1130

BINS VALUES VOLTS VALUES/MAX
: 2."70928E+15 33284.6 .213115
2 2.69605E+15 99853.7 .212074
3 2.2S596E+15 166423 .179816
4 1.97119E+15 232992 15506 ;4

5 3.61490E+15 299561 .284352
6 2.24576E+1S 366130 .176654
7 2.81162E+15 432699 .221165
8 1.00191E+15 499268 .0788115
9 2.32882E+15 565838 .183188
10 4.02137E+15 632407 .316325
11 7.47394E+15 69S976 .587908
12 7.40674E+15 765545 .582623
13 5.90069E+15 832114 .464154
14 8.48348E+15 898683 .66732
15 6.98333E+15 9652sa .549316
16 9.97125E+15 1.0318aE+06 .78435
17 6.84307E+15 I.09039E+0C6 .538283
£8 4.64659E+15 1.16496E+06 .365506
19 7.03847E+15 1.23153E+06 .557587
20 1.a7128E+16 1.29310E+06 i

AVE. ENERGY- 845962

RMS DEVIiTIOtlm 353405

DE'.'I iTIC' -4 1 . 7"7551;

138
.4.



, BLKJH0K-3 SHOT # Pl7Y5 -- W-9 16: 45

gP

It

BINS UALUES VOLTS VALUES/MAX
1 9.27047E+14 346G9.8 .0314197
2 1.28207E+15 102209 .0434522
3 8.987"8E+15 170349 .304616
4 6.82571E+14 2384S9 .0231339
S I.10647E+16 306628 .37507
6 1.88496E+16 374768 .632857

I 7 2.59214E+IC 442907 .878535
8 2.72876E+1: 511047 .924837
9 1.64361E+16 579186 .5?5705
10 2.95053E+16 647326
11 1.70214E+16 715465 .576895
12 8.58847E+15 783605 .2910-2
13 5.37744E+15 851745 .182254
14 2.65097E+15 919834 .0898473
15 5.12161E+1S 988024 .173583
16 2.92034E+S 1.05616E+06 .0989768
17 2.8017SE+iS 1.12430E+06 .094953S
18 4.88472E+15 1.19244E+06 .165554
19 9.83628E+15 1.26058E+06 .333374
20 2.38629E+16 1.32272E+06 .808768

AVE. ENERGY- 685288

RrlS DEVIAiTION- 337573

DEOIATION' 49. 2599%

139

D __ _ _ _ _ _

! ~ ~ ~



.... ...

BLKJACK-3 SHOT B28728 3-41tW-79 10:20

BINS VALUES VOLTS VALUES/MAX
1 3.38203E+l5 31689 .17859
2 3.09073E+15 95067.1 .163207
3 1.91834E+I5 158-44S .101299
4 1.15839E+16 221823 .Gils9s5 9.91343E+15 285201 .523484
6 3.33938E+I5 348579 .178978
7 4.7168iE+IS 411957 .249074
8 6.02583E+15 475335 .318197
9 4.62077E+15 538713 .244002
10 4.67971E+15 602092 .247114
11 4.90810E+15 6G5470 .25917S
12 6.84789E+I5 728848 .3616CS
13 4.30674E+lS 792226 .22742
14 7.21'187E+iS 855604 .36098S

157.09037E+iS 918982 .374411
16 I.S9374E+16 982360 1
17 1.42900E+16 i.045?4E+OG .75459
18 8.40766E+1S 1.10912E+06 .443971
19 2.85760E+1S 1.17249E-06 .150897
20 1.92458E+15 1.23587E+06 .10162S

AVE. ENERGY- 694485

P115 DEVIATION- 341941

DEVtOTION- 49. 23667.,

140



BLKJACK-3 SHOT' M'2*:9 11:20

BINS VPLUES VOLTS VALUES/MAX
I 9.71232E+15 26799.1 .497824
2 8.07451E+15 80397.3 .413875
3 1.31436E+16 133996 .673701
4 1.19624E+16 187594 .613154
5 1.25459E+16 241192 .643064
6 7.73012E+15 294790 .39622R
7 3.81G54E+15 3483888 8.38630E+15 401987 .4E9856

9 8.1967SE+1S 455585 .42014
10 7.57938E+15 509183 .38349G
11 7.54466E+15 562781 .38G71612 7.34117E+15 616379 .3762BG

13 3.07914E+IS 669977 .157827
14 2.40360E+15 723576 .123201
Is S.96541E+15 777174 .305769
16 1.53253E+15 83a772 .0785527
17 6.3407E+15 834370 .325229
18 1.29510E+16 937968 .66382919 i.67075E+16 991567 .85637B20 1.95096E+16 1.04516E+06 I

AVE. ENERGY- 548410

RMS DEVIATION- 352515

DEVTATION 64.2795'

14

I i

~141

2tS



ELKJH(CK-3 SHOT IB2732 34Mi0Y-791:0

BINS VALUES VOLTS VALUES/MAX

1 2.5S914E+16 33214.1 .515398

2 4.96537E+16 99642.4 1

3 2.33245E+IG 166071 .469743

4 1.47686E+16 232499 .297834

5 5.08137E+1S 29S927 .102336

6 2.01892E+15 3653S6 .04066

7 8.11588E+15 431784 .16345

8 5.61540E+15 498212 .113091

9 5.12392E+15 566,10 .103193

10 2.65759E+I5 631069 .0535226

Ii 4.99649E+15 697497 .100627

12 3.32153E+15 7639P5 .0668939

13 7.21922E+15 830353 .145391

14 3.34581E+15 896782 .0673829
15 3.40467E+iS 963210 .0685603

16 4.94155E+15 1.02964E+06 .0995203

17 6.63711E+15 1.0960?E+06 .133668

18 7.25128E+I5 1.16249E+06 .146037

19 1.41143E+16 1.22892E+06 .28425S

20 1.SS80E+16 1.29535E+06 .312605

AVE. ENERGY- 483155

RMS DEVIATION- 455814

SDE1,1ATION, 9 1. 3411%

142



DLKJiiCK-3 S3HOT B2 7-3','Y~--9154

II
SINS VALUES VOLTS VALUES/MAX
1 1.95282E+16 33176.7 .504708
2 3.86921E+I6 99530.2 1
3 1.49259E+16 165884 .385761
4 2.25323E+16 232237 .52348
5 1.95084E+16 293591 .50.I197
6 1.06271E+16 364944 .274659
7 9.73945E+15 431298 .251717
8 4.86419E+15 497651 .125715
9 6.98036E+15 564004 .180408
10 4.0063-IGE+15 630353 .OOt{
It 3.84138E+15 696711 .09920,103

12 2.98574E+15 763065 .0771666
13 3.36652E+15 829418 .087003
14 4.02109E+I5 895772 .103925
15 7.00183E+15 962125 .180963
16 7.96855E+14 1.0a848E+06 .02059-18
17 1.00377E+16 1.09483E+06 E!U9.1aG
18 8.7130GE+15 1.16119E+06 .22519

19 9.85256E+15 1.22"154E+06 .es46-4
20 1.43549E+16 1.29369E+06 .371004

AVE. ENERGY- 488423

RMIS DEVIATION- 427389

DE, IATI:1N- 2 7. 503Z7

1 4



St 3XJACtK-3' SHOT *PP.77S 02-?AY-79 16S5

VALUSS VOLTS J!U5,114"X
l-8178,nE+lS 30313.5S0)P
6.-OO2E+i5 92440.6 * alp'33

3 ~3.71670E+15 154069.14,s:33
4 9.94747E+i5 alsa8o5 * 409347

ra3.21424E+15 277322 .1MZ'S
* 1.27091E+16 3323949 .6111 &.9

71.91524E+16 400576 .7 7~Y
U1.37598E+16 4622039537
96. 44894E+15 5SZ3?0 *294s44

10 5.3640SE+15 S5354Si7 .21511123
is 3.7Z6P2E+15 6-47084 .151M7

3.8a362E+15 708711 I1SM2S
13 B.1Sa7WE+15 770338 .C36033i

_.33sl 831'535 M31437

101.7S117E+15 95;2 *070OB1~
17 6.07771E+15 1-016.SSE+6 .2N-~8

138.48472E+16 1*07847E+06 1
19 .M935E+16 1.140i0E+06 .44.443
301.59982E+IG 1.20173E+06 .E43364

AVE. EtiERGY- .684S33

P119 DEVIATION- 36g2SO

DEVIATIMrP- 53.9419% i

144



404

PLKJAC'-3' SHOT S P'2777 iCJ-MAY-79 me5

ir 4.36120E+15 87853:9 .3 I,
7 5.73044E+16 384993 .408616

8 4.58070E+15 439270 .326631
9 1.14913E4-16 497839 .81939?
10 3.815W+IS 556408 .255332
11 2.3E;938a+l5 614977 .16S3B3
is 6.72238e+1s 673547 .479345
L 4 9.57476E+15 79ZGS5 .682738
is 2.76186E+15 8 492S S 1 95aa4
is 6.97103E+15 907824 .49707S
17 5.03G72E+15 9SS393 .359148
18 5.86449E+1S t.C2496E406 .418172
1 9 1.02217E+16 l.083S3E*06 .72S6
2e 5.B3517E+IS 1.142%OE+eE .373a99

AVE. ENrEMY-Gv OW &1~9

RPDEIATION- 138

DEVATON S I .i 2

145



BINS VALUES UOLTS; UALV 5, 'AX
I 8.223E+14 20223.7 *,07337. 34
a P.75 140E+15; 62471 .24G;3
3 2.6.?4e4E+15 10411? .2P39331

,t4 1.44289E 15 14S766 ,ir.' 356
-5.It 3. 2672GE+IS 187413 .231335

6 ~ ~~~~ "JSsO-l nst0.94S

,. '...sa- 14 312355 *0471C.S

9 9.268S3E+14 3-54002 MG45 1) J
to 5.25S472E+14 395650 .4S
It 7.80320E+ 15 437297 , S
1B P. 5.1936E 1S 478944 .460941
13 4.8 9715=E 15 S.P-0592 .42CS59
14 6.93194E+15 S62239 ,62f, -q-
is5 11214E+16 603826
G6 4,58STBE+IS 6-45534 040SO02-

is 9. 28542E+ 14 728828 .OSP,7962
19 4.63366E+14 -;;0476 ,0413174
Be 1.61943E+ 15 3I2123 .144401

AVE. ENERGY- 466726

°f DEVIATIOti- 196327

(I

DE.O.TATX:,tl, 4P. 064t-j%

': ii~l146.



PU:(JPCK-3" SHO4T S P2782 29-MAY -1?9 1315

B INS VALUES VOLTS .L'3 .,,
1 1.33 nGE~tS 34-;97.2 0:" 1

4 E.-9 -E 4S .23..9 0.. .. o" *

6 8 • iO?E+lro 3 1 G •), 7 e,

'7 2.902W37+l 451 ,63
8 i24 ,;.o:+IS S2,3457 .843.171

Pr- s- il

: . +It 7. F , 7-' 34 3 1 On Z32I

13 8? 953:-+E L74-. o.3915A
14 5 .8S 4 1 3_" I 92--*. . 3-1

iis
1l'JcK3'SH . PS 78 .0321+ 315 :.9

17 . 14t4E+1 • 17.- 2247"
is 1.03463i+165 i7144 0; e: .373714
19 1.04229E+16 1.2•32E+ ' .3S911?7
80 2.32347E+16 1 31 S E31 .8C3 4

AV E. ENERGY- 749911 '

IM1, DEVIATION-, 401007
S13 2.4ATz14 73 7479 e

4''j14"ATO.~. 7 3 t

- LT j



VLt-jWt.K-3' SH4OT 0 a7 n9-MA:-79 1410

L1" VAUE VOLS AL43WI
4.66283E+13 92826.8 1. 0c.ZG7E-
3.24a?4E41S 154?i.S .073a074

4 3.B8a96E+IS 21659)4 .0876596
1.18706E416 2-78479 rG7MS
6 .M0274E+15 340363 .140013a

3.8S81E+15 47731944

9 1.4463+16 sl4Gs0 .317174
to 4.4952z+1 l.274E*Et .27

Se6VE. EI 71547 .IO
13~~RM 3.E87581E+1 735197M99

14348GN1 346.779

is 2.7509~~148587ROOaO

is ~ ~~~ ~ ~ ~ 4.3lEl 524qas

17 3 1%-.9*7+IS .0219c~e *07337



AT"

4

O:JACK-3' SiHOT S P271S 9MW-9 13

Dims5 VA~LUES VOLTS VL.~'?,
I 1.30024E+15 33799,1 .0401S37

a 2.02041E+IS 101397 e *24 1?
3 5.33623E+15 1639 ,14CS
4 1.5762SE+i6 2.36594 4G6
6 2.145S3E+16 304192.623
a 5.70431E+15 371791 1E3

7 ~6.0SSOE~iS 439389 .31~
S 2.749ZG +15 SOWS? 04:

9 2.429?EE+15 S74S 97'73a
10 2.81583S+15 642184 .3~
11 3-75058E+15 709732 .1S
12 1.2i6SBE+16 777380 .3 7 15-5
13 3.032cSE+IS 844979
14 1.l913CE+15 9leSl7 ,3

16 6.33247E+15 1.04777E+06 *195~117 2.81331E+15 1.11537E+OG .0C;69123is 1.77710E+16 1.18M~E406 0 54cfos
19 1.16413E+16 1-25057E+06 M.An33

203.2369SE+16 1.3181?EQ6 I

AVE. ENERGY= 800016 X

RI'S DEVIATION- 438327

D.EVIATION-u 54.7898%~

149

:35



F.LYJ#ACK-3' SHOT SP2788 le

BINS VAiLUES VOLTS VAL-ijX
I 2.4aaaG5+i5 31754.3 .C.
a4.ie339Et15 9526P.8B

3 2.2i3ME+16 IS87711
4 6.43?6-1E+iS 2 0
6 6.213707E+iS 285733 M2409
6 1.37602E:+16 349,297 .1621771
7 1.83490E+IS 412806 .212
9 S.Se1G4E+15 47G314 .as 4C1 3
9 9. 67 Ce 0 S+ I 5311323 o42

106.38714E+iS 603331 .237707
11 .123E+i5 6GS340 SC6S343
2 *A.44E.L4 73Ih34O .216914

13 3.778GSCE+1S 793"357 .170745
14 3*34599E+LS 8572-sS 9151193

Is 4.32C2+15 PCO' 74
166.45451E+t5 98438a~ .29iCls
1?6.53717E+15 1.04789E406 .219,3%1
Is1.34247E+16 1.11140E+06 .ECC615

19 1.81087E+16 1.17491E+06 .818254
201.60437E+16 1.23842E+0'6 .724''33

AVE. EHIERGY- 662959

RflS DEViIeATX0M- 389695

DE.Irn ION- 53-7813%

*14~' j150



4

VLK.JAI'-K-3' SHOT S P27691 '30-PMv'-79 154S

BfINS VA~LUES VJOLTS VALME9/PAX
S3.46933E+ig 2S133.6 .091 m 3

a 1.4%975C+16 75400.7 .382m29
3 1.4B166E416 125668 .370937
4 2.41404E+16 175935 .633263
5 R.2S9?2+16 2aa .592704
a 2.109399+16 E76469 0553341
7 7.42i4SE+14 326736 .0194683
B1.0928?E+iS 377003 -a'e

9 5.94025E+15 427a78 .14533S
to 2.708?E+15 477538 -071(079
11 a.47SO4E+IS ?5 .e34ao
12 2.i879u3E+15 578072X'35
13 2.94371E+IS SaS339 MEWS~0
L4 I.S33OIE4iS 678606
Is 1.160giE+I6 728873 .304S36
Is 3.99ia3Z+l5 779140 .104?
I? 4.5M:1 SP-940 .114313
is 5.531555+15 B7?374 -MIN2
19 2.171'aE+i6 gaggQ4 S~71328

ao3. 8120GbZ+l 6 980209

AVE. EtCRGYa 516G19

RfIS ID=VZATtON- 355189

DEVIATION- 68.75S2%

FA
1.53.



Dims VALUES VOLTS VALLUZS4AX
I 1.47272E+14 e8±50.5. '-.4337E-03
2 3.66E52R.+±5 $4451.4 !13393
3 8.15893E+1S 1407S2 -"3
4 1 .9s4aE4-1G 19?OS3 *7103SS

B .B6616E+15 ES3z354 .8942374
6 4.34859-r+15 309655 .154316
7 1.09939"c+16 36S956 4391329
9 .0os-oE+i6 422$7 .735167
9 1.17347E+16 478538 .41S549
10 1.C8991E+16 534S59 o3MS33
11 7*8111S3E+IS 591160 .7 '0
1a 11.93176E41S 647461 .10437
13 9.13431E+iS 703?62a C-:9a
14 5.01064E+15 76-0063 .17V-14

I r 67679E+16 916363 *a41975
16 1.11560E+16 S?2S64 .39717
1? 38069E+15 98895 MS9304
is 4.63(5 E415 9BS266 .165104
19 it.42621E+16 1*041S7E+06 .863762
a0 1289Me~E+i6 1*0g787E420 1

AUE. EIIERGY- 644494

RMS9 DEVIATXOW4 334S78

DEVIATIOte SI1.9133%s

152



PLKJACgC-3- SHOT 0 Paea 1555

BINS5 VALUES VOLTS VALCL-5/rPX
1 1.3973E+i 29014.9 *0547M1
a 4.79232S+15 87044.8 .1877CG'
3 7*44197E+15 145075 .29153
4 1.49797E+16 203135 *511S911
5 1.24306S+13 261134 *4=5i21

61*59344E+16 X19164 - ,7
7 1.70365E+16 377194 695

S2.972 '3E+I5 435224 .1167.;
94.0107CF*15 490 _54 .157141

18 6C~7~+15 S51234

18 3*W-ZGE+I5 667343 .~i
13 1. 44C031C-+15 W5373 O315
14 1* ,3O 31+is 783403

155.4570'+15 841433 set:-319

17 1.43S51CE+16 957493 *~3
138.24323SE+15 1.01552E+06 .321,939

19 9.1e91E+15 1.0 5tsE+C-5 *374
a.EF922E+16 1. 131SME+"S

AVE. ENIERGY- 621S97

P115 VVIATI~ti- 361458

DE'.'ATIO US1. 1499% t

153



$LK;JkCK-3 HO Pj:803 I-L~I 9 165

SINS9 VA~LUES VJOLTS VAWi9jSS/iAX1 53*~1 30022.9 S4~9

3 7.16237E+15 2111 -0 0 s4 4.57432E+15 a1O16el *.1-S3?36 4.?3687E+15 2?020G 1966 4.56040E+15 3302S2 141
75.5339SE+15 3'8 .224232
S1.2isG.I-+±6 450344 -492S35. 30499E+5 iS 10389 .2814Si3810 8.73637E+15 570435 #3S54047

11 9.8CG20E+iS 630431 *40,243
189.88785E+15 69CS27 .400371213 4.00860E+i5 ?73OS73 .16V4SI14 8.9409ge-+IS 81088 .6i3

15 9.57653E-+i5 8706364 *3S0OSS
164.55092E+15 930~710 .19442917 7.97528E+iS 9907s6 #323204
188.33:39SE+is 1.O0e80E+06 *33773-919 1.39719E+j.6 1.I1085E+06 .56622
202.46757E+±6 1.17033E+oa

AVE. EMERGY- 749245

RIIS DEVIATIOq~u 329333

DEVITATIONa4*~.~

154



I k

ItLKJAtiCK--3' sHCIT I ,20 4- JUNEC-79 i0: 4s

SINS VALUES VOLTS VALUES/MAX
I 2.41514E+13 30859.7 7.038a2E-04
2 6.13880E+13 92579.2 1.T8~97E-03
3 4.14792E+14 154299 .0120379
4 7.84429E+1S 216018 .22S99
5 7.91422E+15 277733 .230637
6 3.19149E+iS 339.4S7 .09 C6
7 8.2367SE+14 401177 .024C.3sB 6.71803Ec14 462896 .01957779 1.09190E+15 524G15 .031S203

10 1.46542E+15 586335 .0427053
I t1 7.32615E+15 648OS4 .213499
12 9.10197E+1S 709774 .265Z5
13 7.37650E+IS 771493 .214986
14 9.1972?E+iS 833213 .260027

, 15 S.79934E+1S 894932 .169005
16 2.18S70E+15 9s6s2a .0636959
17 S.01870E+i4 1.01837E+06 .0146255
Is 1.27309E+16 1.08009E+06 .371004
19 8.35871E+15 1.14181E+06 .243s9
20 3.43147E+16 1.20353E+06 I

AVE. ENERGY- 864375

RMS DEVIATION- 335342

DUITATION- 11.gs2

155
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BLKJCK-3' SHOT S PM,09 4-JUNE-79 15120

BINS VALUES VOLTS VALUES/MAX
I 1.81592E+15 25440.1 .0377512
2 6.36765E+15 76320.2 .132377
3 6.36323E+15 127200 .132c.35
4 2.16466E+lo; 178080 .450013
5 6.96130E+15 228961 .144719
6 ?.08413E+15 279841 .147272
7 1.07087E+16 330721 .2226a4
8 3.42078E+16 381601 °711143
9 1.34241E+16 432481 .279074
10 2.63130E+15 483361 .0547021
11 1.67471E+IS 534241 .0348156
12 2.20486E+15 585121 .0458369
13 3.44228E+15 636001 .0715617
14 3.52673E+15 686882 .0733174
15 8.32250E+I5 737762 .173017
16 1.27718E+16 788642 .265512
17 3.19844E+15 839522 .0664924
1 5.02712E+15 890402 .104509
19 1o61880E+16 941282 .336532
20 4.81023E+16 992162 1

AVE. ENERGY- 582273

RMS DEVIATION- 323719

DEVIATION- 5S.5957%
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'777

EILKJACK-3' SHOT P2814 S--JUNE-79 14:04

BINS VALUES VOLTS VALUES/!AX
I 1.65440E+14 24452.2 4.95931E-03
2 4.43919E+15 73356.5 133063
3 5.30838E+15 122261 .159132
4 1.63355E+16 171165 .489GS1
5 9.99031E+15 220070 .?99471
6 1.21822E+16 268974 .365157
7 3.33615E+16 317878 1
8 3.13299E+16 366783 .939102
9 2.46858E+15 415687 .0739949
10 1.47516E+15 464S91 .0442173
It 2.65040E+15 513496 °0794446
12 3.77761E+15 562400 .113232
13 4.58488E+15 611304 .13743
14 4.13936E+15 660209 .124076
15 1.3868iE+16 709113 .41SO92
16 7.91768E+15 758017 .237329
17 9.15528E+15 806922 .274426
18 1.02300E+16 55826 .30664
19 1.81098E+16 904730 .54a836
R 1.63132E+1G 953635 .48S982

AVE. ENERGY- 510091

RMS DEVIATION- 279694

DEO1ATION- S4.9321%

157



RLK kC -79 . ~ .- .44. 4.f~

I 2.4729gE+16 31907.4 .482831

2 7731771+15 95722.2 .152833B3 1265KE+16 159S37 .25007

S4 5.89809E15 2233S2 .11658?5 6.4489E+SO 287167 .IL34426 1.47728E+16 35098. .292011
7 i.4231SE+i5 414796 .2813i3
8 7.80405E+15 47861 oIS4261
9 4.37511E+1S 24242 .086482
to 6.59384E+±5 68764 .51272
6t 1.778IE+16 670856 .035175312 6.77327E+15 733870 .13388683 1.86111E+15 797615 .036788

14 P..84183E+tS S61SO0 .056174is 3.8946E+15 925315 .0769732
1 2.94115E+1S 989130 .058137
12 6.00311E+15 I1.S294E+06 .118663

18 1.48285E+16 1.11676E 06 .293113
19 S.0S898E+16 1.18057E+06 I
20 2.84369E+16 1.24439E+06 .562108

AVE. ENERGYw 724166

RMS DEVIATION- 462564

DEVIATIOt- 63.8754%

158
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AQA

'

PLh--K- SHTIBS2 !tiii-9 14

.BINS VALUES VOLTS VALUES/MkX
1 7.50302E+15 38102.9 .195855
2 3.82993E+15 114309 .0999748
3 4.25471E+15 190514 .111063
4 3.02422E+15 266720 e7-943

51.7100?E+iS 34292 .044G39
6 5.03671E+i5 419131 .132781
7 1.36243E+16 495337 .355G44
8 6.499SOE+IS 571543 .16Sca
9 5.01453E+1S 647749 .130897
10 3.20410E+1S 723954 .0S333S
11 4.87592E+iS 800160 .127279
12 S.06404E+1S 876366 .13741

+t13 5.00918E+15 952571 .130731
* 14 4.41915E+15 1.0237?E+06 11535S

IS 7.085a2E+1S 1.10498E+06 .1849-1
16 1.1443SE+16 1.18119E+06 .298716
17 3.83090E+16 1.25739E+06 1
18 £.12962E+16 1.33360E+06 .29487
19 5.64837E+15 1.40981E+06 .147442
20 5.77146E+15 1.48601E+06 .1506s5

AwVE. ENERGY- 916071

RIS DEUIATIOM- 428S78
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FLKJkCK-3 SHOT * B2-7I 24-JULY-79 13104

BINS VALUES VOLTS VALUES/MIAX
I 1.18906E+16 33654.5 .582549
2 4.61513E+15 100964 .226106
3 4.40973E+15 168273 .216043
4 3.23488E+15 235582 .158484
5 1.26064E+16 302891 .617616

64.31988E+15 370200 .211641
7 3.33044E+15 437509 .163166
8 3.62652E+S 504818 .177672
9 3.02754E+15 572127 .142326
10 6.51218E+15 639436 .319047
11 3.29989E+15 706745 .161669

5.27203E+15 774054 .258288
13 3.06445E+15 841363 .150134
14 1.55194E+16 903672 .760329
is 1.35371E+16 975981 .663213
16 1.03639E+16 1.04329E+06 .507753
17 4.40865E+15 1.11060E+06 .21599
I 3.45416E+15 1.17791E+06 .169227
19 5.16843E+15 i.24522E+06 .253213
20 2.04114E+16 1.31253E+06 1

AVE. ENERGY- 748075

RMS DEVIATION- 421124

DEI.ITATION - 56.29434

160

-, *i 4 I % ".



BLKAK-3 SHOT # 82874 25-LM..-79 1338
BINS VALUES VOJLTS VALUES1%AX1 .26?E+15 36751.9 .1627512 8.648 15 11826 "8M93 2.54507E+t5 183759
4 2.97293E+15 25726 .0958065 6.6312'E+15 33W67 .56922
6 7.69791E+15 494271 .29249

7 3.38110E+15 477778.4.76180E+15 551278 .1844m1
9 1. 87478E+15 624782 . 4726366
16 5.17500E+15 69286 .2636
11 6.18231E+15 77179 .239528
12 5.793"3E+15 845294 .22447313 1.968UE+16 918797 .76279414 1.66322E+16 992381 .64435815 1.82386E+16 1.868IE46 .39637416 1.83161E+16 1. 13931E+66 .39989
17 2.58184E+I6 1.21281E+06 i1
18 6.607E+15 1.29632E+6 .2w57419 7.U840E+15 1. 582E+O6 .%53228 3.85629E+15 1.43332E+e6 .149409

AUE.- ENERGY. 867681

RPIS DEVIATION= 395222

DEVIATION- 44.3967

161
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BLKJACK-3 SHOT * B2875 25-JUL-79 1558

eIHS VALUES VOLTS VALUESflAX
1 1.2246E+15 34843.7 6388306
2 3.58488E+15 184531 .113664
3 3.81122E+15 174219 .0954773
4 2.19501E+15 243906 .8695977
5 2.38928E+15 313593 .075755
6 4.739?,E+15 381 .12889
7 3.97631E:,15 452968 .126878
8 4.5155E+15 522,6 .143176
9 3.29435E+15 592343 .104455
1s 4. C'4219E+15 6629M 148459
it 3.77779E+15 731718 .119783

12 4.41010E+15 145 .1396a
13 4. 18512E+15 X71093 .132699
14 5.83454E+15 948798 .184997
15 3.15306E+16 1.81047E+06 1
16 8.80717E+15 1.0801 +06 .279251
17 2.84224E+16 1.14964E+96 .647537
18 3.05554E+16 1.21953E+06 .968M
19 1.929E+15 1.28922E+06 .8 8O9
28 1.54317E+16 1.35890E+06 .499295

AV E. ENR 963691

R1S DEVIATIONo 333300

DEVIATIM , 34.5858%
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BLKJACK-3 SHOT # 82877 26-JUL-79 1838

BINS VALUES U.TS VALUES4IAX
1 1.59420E+15 2136.3 .8386239
2 1.88759E+15 64081 36299
3 9.66457E+14 186802 .8195652
4 2.71948E+15 149522 .522386
5 3.64417E+15 192243 .87m8831
6 2.91869E+15 234964 .0559132
7 9.25254E+14 277684 .0177737
8 1.39199E+15 328405 .8267395
9 1.4459eE+15 363126 .8277767
le 1.49e-E+15 40546 .8287889
11 2.083M2+15 448567 .8400M65
12 1.61261E+15 491288 .0387,6
13 1.18442E+15 534 M .821215
14 2.26843E+15 576729 .0435756
15 2.35959E+15 619449 .8453267
16 3.83498E+15 662178 .83M
17 6.56739E+15 784891 .126157
18 2.18928E+16 747611 .405183
19 5.25X3E+16 798332 1
28 1. 95476E+ 16 833853 .375

AVE. ENERGY- t79396

RS DEVIATION- 213172

DEVIATIOH, 31.376'
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BLKJ,_K-3 SHOT # B2878 26-JUL-79 1125

BINS VLUES VOLTS VALUES MIAX
1 8.4519?E+15 30747 .165377
2 2.12217E+16 92241.1 .41539
3 1.11322+16 153735 .21782
4 1. 77675E+16 215229 .347651
5 1.85651E+16 276723 .286723
6 1.38173E+16 338217 .2547 5
7 9.78173E+15 39.9711 .191396
8 1. 19296E+16 46125 .233423
9 5.69799E+15 522699 .111491
1s 4.7,9671E+15 584193 89357
11 5.32718E+15 645688 .184235
12 8.79513E+15 787182 .172891
13 2.77181E+15 768676 .054235
14 5.27214E+15 838178 .183158
15 3.224?1E+15 891664 .8630969
16 5.45745E+15 953158 .186784
17 2.64378E+15 1.81465E+06 .0517283
18 2.97199E+16 1.8761l5E+6 .58132
19 1.90124E+16 1.13764E+06 .37201
28 5.11073E+16 1.19913E+06 1

AVE. E ERGY= 694789

RMiS DEVIATION- 4.30686

DEVIATIOH- 61.981.

1.14



"a

BLKJACK-3 SHOT # 82879 27-JUL-79 1316

BINS VALUES VOLTS ALUES/MX
1 7.8883ME+15 41210.4 .2375
2 7.23149E+15 123631 .245341
3 4.19109E+15 286852 .14219
4 4.6179E+15 288473 .156643
5 4.51736E+15 370893 .15326
6 9.52841E+15 453314 .3228
7 8.22944E 15 535735 .279199

?.85765E+15 618156 .266585
9 5.9168E+15 780577 .280714
18 5.36751E+15 782997 .182182
11 6.27365E+15 865418 .212845
12 1.13374E+16 947839 .384641
13 2.94752E+16 1.83826E+06 1
14 1.62994E+16 1.1126 + 6 .55288
15 1.66545E+16 1. 19518E486 .565832
16 7.92WM8E+15 1.27752E46 .2689
17 6.79824E+15 1.35994E+06 .227589
18 6.9.318E+15 1.44236E+06 .234881
19 6.00013E+15 1.52478E+6 .203565
20 4.00723E+15 1.68721E+06 .135953

AVE. ENERGY- 888287
RMS DEVIATION= 413388

DEVIATIONa 46.536M.
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i BLKJACK-3 SHOT # B2881 26-JJ.-'79 1558

SINS VALUES VOL.TS VLE/

33.32314E+15 146541 .1062

6! 2. 16198E+15 322389 .0694315
7 4.330ME+15 MOW .1390765
8' 4.74824E+15 492.152489
9 7'3656E+15 490238 .152114

:to 4e.5 9830E+15 .147676
11l 3.63463E+15 615471 .116726

S12 5. 748W4+15 674087 .18"613
13 9.93331E+15 732 .319806
14 1.693 42E 16 7 91328 .562

S15 6.3877'6E+15 8,49936 .265142
i16 9. 14763E+15 98552? .293774
,17 3.11383+16 96"7168 1

lis 1.81084E+16 1.0625ZE9 .581549
19 6.33791E+15 1.8B4EB .203511

:20 65.15198E+15 1. 14302E+06 .19757

SAVE . ENE ~ 768M9

RM DEVIATIONl- 2 6

SDEVIATIOtO :37.78 Wl

1

I/I



BLKJACK-3 SHOT # 62885 27-JUL-79 1452

BINS VALUES VOLTS VA.LLESMX
1 1.89893E+15 37484.9 .8431349
2 3.99293E+15 112455 .157879
3 1.46357E+15 187424 .8578688
4 3.71991E+15 262394 .147083
5 6.92658E+15 337364 .273874
6 5.60104E+15 412334 .221462
7 3.74759E+15 487304 .148178
8 3.78977E+15 562273 .14946
9 4.46358E+15 637243 .176488
18 4.9698E+15 712213 .196587
11 4.99995E+15 787183 .197696
12 4.39451E+15 862153 .173757
13 2.52911E+16 937122 1
14 9.52450E+15 1.81299E+6 .376594
15 ?.67551E+15 1.087M+06 .303486
16 1.1278W+16 1. 16283E+06 .445947
17 7.89156E+15 1.2370@E+06 .312829
18 2.28710E+15 1.3119+E46 .898431
19 1.32869E+16 1.38694E+06 .52537
28 8.11197E+15 1.46191E+96 .328744

AVE. ENERGY= 989185
RMS DEVIATIONo 374597

DEVIATION- 41.2814%,

167
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BLKJACK-3 SHOT # S288 27-JUL-79 1558
S INS VALUES VOLTS VALLES4*AXI 6.00942E+ 5 33568. 3 .39489923.42623E+ 5 10878 .2251493 2.42143E+ 5 1681 .1591214 1. 73609E+ 5 234978 .11445 2.582M2+ 5 382114 .1697266 4.22126E+ 5 369251 .2773937 8.23227E+15 4337 .540978 3.8693E+ 5 583524 .2085292.335?gE,5 5766.153492to1.3811E+15 63790.9018W12 2.5107M+15 704933 .16499121 -88265E+15 772678 .12371513 4.02841E+ 5 8326.2647214 4. 90729E+1 5 906343 .3U47415 1. 41544E,16 9479 .93013216 1.346589E+16 1.84062E.66 .8975741? 9.62640E+15 1 1877m.66 .63zw18 3.47273E+15 I 17489E.06 2819 1. 10861E,16 1. 2428E+06 .7M324628 1. 52176E+16 1.3016E+06 1

AVE. ENERGYz 849371

RMlS DEVIATION= 396114
DEVIATION.m 46.6361%

168



BLKJACK-3 SHOT # B2888 30-JUL-79 184o

BINS VALUES VOLTS VA UES'AX
1 6.34566E+15 29459.7 .186128
2 1.92456E+15 8837 .e. 1873
3 2.07511E+15 147298 .8347851
4 2.43868E+15 286218 .9407956
5 1.8977?E+15 265137 .0317392
6 1.32198E+15 324056 .01094
7 1.37717E+15 382976 .0238324
8 4.02284E+15 441895 .6728
9 7.38318E+15 ~5M15 .12348

184.90999E+15 559734 SW61172
S1 3.3943E+15 618653 .0567635
12 3.5315;E+15 677573 .0590636
13 2.93661E+15 736492 .8491134
14 3.7 72 +15 795411 .8630852
15 4.69457E+15 854331 .8785143
16 1.61133E+16 9132 .269487
17 5.97925E+16 972169 1
18 1.93731E+16 1.83189E0+6 .324006
19 9.555ME+15 1.89e8IE+06 .159 83
28 2.81232+15 1. 1489XE406 .8478347

V. .
AVE. ENERGY= 828307

RMIS DEVIATIOH, 288743

DEVIATION- 35.1994%

169



BLKJACK-3 SHOT # 62889 31-JIL-79 0938

BINS VALUES VOLTS UALUESMAX
1 2.94202E+16 26746.2 .858582
2 2.21134E+16 8238.5 .645345
3 1.64315E+16 133731 .479527
4 5.06562E+15 187223 .147832
5 5.61121E+15 248716 .163754
6 9.84924E+15 29426 .287435
7 1.570 7E+16 347790 .4582
8 2.38542E+16 481193 .672981
9 8.81288E+15 454685 .257167
18 2.62514E+15 W08177 .0766187
11 4.72582E+15 561678 .137915
12 1.86783E+15 615162 .0545M98
13 3.95650E+15 668654 .115464
14 1.1222 E+16 722147 .327516
15 6.93648E+15 775639 .28243
16 ?.29256E+-15 829131 .212822
17 1.74543E+16 882624 .509375
18 3.42668E+16 936116 1
19 3.89217E+16 989689 .9e24
28 5.87815E+15 1.84310E+06 .148198

AVE. ENERGY, 531184

RIS DEVIATION= 361768

DEVIATION- 68.1162%,

170



BLKJCK-3 SHOT # 82898 31-JUL-79 1356
BINS VALUES VOLTS MALUES/WAXI 7.20135E+15 42557.6 .22981
2 3.6837?E+15 127673 .11e063 2.42291E+15 212788 .0743496
4 3.1191 1E+15 297983 .89571325 4.158M?E+15 3319 .127616 3.51852E+15 468134 .10797

3.3888E+15 553249 .1e12673.8215 E+15 63a364 .1172679 4.42549E+15 723479 .135081
18 4.29711E+15 8895 .13186111 3.81818E+15 893718 .11716512 6.03721E+15 976825 .18525813 3.2M81E+16 1.06394E+e6 114 8.52353E+15 1. 1496E+6 .26155415 1.86590E+15 1.2341?E+96 .7,251
16 3.82172E+15 1.31929E+06 .092724617 8.14165E+15 1.4044E+06 .24983518 5.88189E+15 1.4895M+E6 .155943
19 6.295W8+15 1.37463E4ag .19317828 3.84655E+15 1.6597E+06 .118835

AVE. E ERGY= 938551

RMS DEVIATIONS 441821

DEVIATION= 47.0748%

171
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'Irv

BLKJACK-3 SHOT # 82893 1-WG-79 8945

BINS VALUES VOLTS VALLESWE/X
1 6.9869?E+15 35332.6 .297635
2 8.17871E+15 185998 .348401
3 6.58483E+15 176663 .28047
4 7.805739E+15 247328 .38635
5 9.16684E+15 317993 .398494
6 4.1828E+15 388659 .174773
7 5.38916E+15 459324 .229571
8 6.72723E+15 529989 .28 7
9 4.70341E+15 608654 .288359
1o 2.89569E+15 671319 .8892736
11 2.95278E+15 741984 .125784
12 3.92554E+15 812658 .167222
13 4.14962E+15 883315 .176768
14 3.97388E+15 95398 .169248
15 2.34750E+16 1.82465E+6 1
16 3.575E+15 1.89531E+96 .152321
17 8.83891E+15 1. 16590E+96 .376521
18 1.22383E+16 1.23664E+06 .521333
19 9.834W2E+15 1.30731E+06 .418915
28 1. 25386E+16 1. 37797E+06 .533785

AVE. ENERGY= 786251

RItS DEVIATIONS 442912

DEVIATION" 56.3321%

S172
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BLKJACK-3 SHOT # 82894 I-AUG-79 1125 l4
BINS VALUES VOLTS VALUES/MAX1 1.03448E+16 29636.9 .585892 1.82999E+15 88918.8 .1836443 1.945M+15 148185 .116164 2.72016E+15 287458 .1540595 4.13536E+15 266732 .2342116 4.74648E+15 32606 .2688237 3.85277E+15 385280 .2182868 4.14873E+15 444554 .2345159 4.00174E+15 503M .22664318 2.31593E+15 563182 .13116511 2.39045E+15 62237 .13538612 4.20375E+15 681649 .2380M13 2.58231E+15 740923 .14625214 5.70269E+15 8197 .32297915 1.42870E+16 859471 .88463216 2.15738E+15 918745 .122181
17 1.70764E+15 97818 .0967146
18 1.76565E+16 1.03729E.6 119 1.53123E+16 1.9657E.6 .8672328 2.54975E+15 1.1554E 06 .1444e8

AVE. ENERGYm 694574

RMS DEVIATION= 365452

DEVIATION. 52.61520.

A .'
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BLK,.ICK-3 SHOT # 2895 1-AUG-?9 1505

BINS VA:LUES VOLXTS VUEIFStW
1 1. 28405E+16 384.4 ".4564

2 8.88821E+ 15 115345.2763 5.76848E+15 192242 .204874
4 ~~3.319M8+15 2619.152Q.5 5.55962E+15 336. 1'8197456
64.28808E+15 422933 .14917

7 3.36264E+1578E1 ,499,,3, .11942
9 4.18951E+15

le3.73452E+15 7352 ___.132636
it3.30941E+15 887417 .11753"7

12 3.46872E+15 884314 .12319513 3.61488+15 961211 .128387
14 2.81562E+16 1.38.4E+46 115 1.O218E+16 1.1150E+ .372

4 3.31868+1T,26913

16 4.15956E+15 1.1919E+6 .141
17 1. ON19E+16 1.88 .639589 4.1895eE+15 1.3457E+6 .18514 1. 1065E+16 1.42259E+E6 1

28 1.40997E+16 1.49949E+06 .580766

AVE. ENERGY= 879506

RMIS DEVIATIOH- 475384

DEUIATIONO 54.0463%
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VLKJ-Kr3 fH(11 B2:094; I -JUL-7 9 085

BISVALLMS VJOLTS VALUES/'MAX

1 . 44SS~i+16 144609 .942396

4 7.41454=1+is 20453 .477093
1*55411E+16 26C29S I

64*6307'.rwIS 313140 .301184
I .7~~+~ 375933 .536,951
89.eoa;)1E+IS 43.-3e27 .57924
g3.SG1+5 491671 .2S14a

18 6.9132a+1s 6 9 5 14 .444a35
11 1.I810Az+16 6s37ZS8 .759946
12 .SZ+G 652.893
13 1 .5 0 a X., +1 G ?23045o 0967458
14 . c ,: -*I G 7=3329 .905105

156 ':i~E+15 WE 3732 .399S55
16 8*PZ2a3IE+i5 OSS57G .574143
1? 4.73001E+15 954420 .307573
is 1 37 4Z3E+16 1.012c26E+A_6 X84342
19 1.43323s'+i6 1.elft? E-!O6 .922218
20 . 407556E + 1 1.1279SE+-06 .476644

AVE.* ENIERGY- 682062

R!99 DEVIATION1- 337946

DEI01ATIONm 5 3. 0602t:
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BLKa.'yK-3 SHOT # B2897 2-AU-79 1115

BINS VALUES IOLTS UVLESIAX
1 4.385E+15 37923.5 .16583?
2 5.47485E+15 113778 .287052
3 2.38893E+15 189617 .9 S87e183
4 1.86296E+15 265464 e'8454652.247941E+ 15 341311 .0850e143

6 5.90441E+15 417158 .223297
S7. 8626E+15 493885 .267878
p 3.388E72E+15 568852 .128157s 4.12453E+15 644699 .1559e5

4.91&49E+15 720546 .1857m5
11 3.19132E+15 796393 .128692
12 3.2W13E+15 872240 .12485
13 4.76701E+15 94787 .12
14 1i.'664E+16 1. 02393+96 .690812
15 1. 19367E+16 1.89978E+6 .451433
16 1.88"P, E+16 1.17563E+06 .683689
17 8.44843E+15 1.25147E+96 .319509
18 2.64419E+16 1.327E+6 1
19 5.464e+15 1.40317E46 .286642
20 1. 41233E+16 I.4792E+W .534127

AVE. EERZGY- 987983 4

RMS DEVIATION- 405268

DEVIATIONa 41.019%.
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BLKJACK-3 SHOT * 62898 2-AUG-79 1428

BINS VALUES UOLTS VALUES/MAX
.1 7.5"E+15 37473.4 .313516

2 5.40647E+15 112429 .223911
3 4.37787E+15 187367 .181311
4 3.50957E+13 262314 .14535
5 5.54558E+15 337261 .2296726 2.03970E.+15 412208 .844749
7 1.25312E+16 487155 .5189828 4.23460E+15 562182 .173377
9 5.63225F,+15 637848 .23362to 2 00868E+15 711995 .e828589

11 2.04318E+13 786942 SW84156
12 2.71451E+15 861889 .11242213 3.42482E+15 936836 .141887
14 1.2838E+16 1.01178E+06 .531359
15 1. 7888E+16 1.88673E+96 .784&
16 1.42996E+16 1.16168E+86 .592222
17 2.41457E+16 1.23662E+06 I
is 4.2985ME+15 1. 31157E+06 .178827
19 9.73169E+15 1.38652E+86 .4,341
26 1.17399E+16 1.46146E+06 .486213

OmE. ENERGY= 984148

RMS DEVIATION, 43383

DEVIATIONn 47.9848%
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BLKJACK'-3 SHOT 9 gat244 B-AMU-79 14:23

BIN'S VALUE.S VOLTS VALUESP'PX
I sossas3eis 3SG59.2 .2sa927
a I.1 Z;+1 109977 .2373"5
3 a. 72'377+ Is 182)C 1,G le0s~a4

4 94%:r1+15 E565314 .127253
s .7103 -C-,+ 15 321.932 .223311

7 2.7'0737E+LS 47C5:S9 .104517
8 4.1?~:~+5 5S-27 1?2-075

9 S.2 8,:,A. +IS ca3E? .2^2074
10 3. i57 2- "7+ 6T924 .15sis7
11 2*414*nE+15 7693412 .09320)47J12 4.75207E+L5 843161 .183413
13 3.40204E+1S 916479 .13131

14 4.33JS62E+iS 989797 IG67344
Is 2-5 9-3SE+16 l*0S3laE-06 1
16 3.60?:31E+15 1.1364'"E+06 .139233
17 653392s+1s I.2-0975E+06 .215139

AVE. EHEG%'u 848575

RIIS DEUIATIOt1- 433611

DE'JTATIC"1- S1 .0987%
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BLKJACK-3 SHOT # B2905 6-AUG-79 15:50

BINS VALUES VOLTS VALUES/MAX
I S.14965E+15 37664.2 .34368
2 4.18454E+iS 112993 .279277
3 2.04754E+15 188321 .136653
4 2.37592E+15 263649 .158569
S 1.84506E+15 338978 .12314
6 2.65301E+1S 414306 .177062
7 2.802SgE+IS 489634 .187045
8 1.304SOE+IG 564963 .870691
9 3.64282E+15 640291 .243126
10 2. liSSeE+iS 715619 .141189
11 3.•18556E+15 790948 .212605
12 2.57330E+15 866276 .171742
13 3.12278E+15 941604 .208414

14 4.e6975E+L5 1.01G93E+06 .271615
Is 5.3787E+15 1.09226E+06 .358946
16 3.90550E+15 1.16759E+06 .260654
17 4.S2P924E+IS 1.24292E+06 .302282
18 1.49835E+16 1.3182SE+06 I
19 5.32990E+15 i.393S7E+06 .355718
Be 1.12484E+16 1.46890E+06 .750717

AVE. ENERGY- 892023

RMS DEVIATION- 457457

DEVIATION- 51.2831
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1;7

ELKJ(ACK-3 SHOT D 12906 7-A~UG-79 9: 05

BINS VALUES VOLTS VALUES,1MAX
I 5.838SaE+1S 34859.8 .3633
2 5.19147E+15 104579 .32035b
3 2.3371SE+15 174299 .144224
4 2.43411E+15 244019 .150205
5 2.804S4E+15 313738 .173064
6 7.47689E+15 383458 .461387
7 4.2439SE+15 453178 .262197
8 2.s9330E+15 522'97 ,IC028
9 3.66483E+1S 592617 .226154
10 2.58454E+1S 662337 159483
11 5.5223SE+15 73aOS6 .340776

12 4.42972E+15 801776 .273351
13 3.90384E+15 871496 .2409
14 4.42602E+IS 941-15 .273123
Is B.S3590E+15 1.01093E+06 .341612
16 5.59574E+I5 I.08065E+06 .345304
17 5.11874E+15 1.15037E+06 .31587
18 1,06334E+16 1.22009E+06 .656168
19 1.62052E+16 1o2S981E+06 I
20 7.12397E+15 i.3S953E+06 .439609

AVE. ENERGY- 825448

RMS DEVIATION- 429565

DEVIATION- 52.0402%.

I
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!?

BLKJACK-3 SHOT 4 B290D7 7-AUJG-79 1e

BINS VALUES VOLTS VALUES/MAXI 6.24219E+15 34046.9 .391385

2c 6.5701SE+15 102141 .411943
3 3.52314E+15 170a34 .20901
4 3.13270E+15 23 3328 .19642
5 2.97743E+LS 306422 .186685
6 1.90S56E+15 374515 .1196677 L.6JO3E+IO 442609 .179505
8 3.2602SE+15 510703 .24419
9 4.12734E+15 S78796 .258784

10 4.SG916E+15 6465 o .30529611 4.19884E+15 714984 .263267
12 3.SS3S6E+15 28378 .220
13 2.92210E+15 851171 .183216
14 4.83808E+15 919265 .303347
15 4.SS48E+IS 987359 .28568

Is 1.59490E+16 1.0554SE+O6 I17 1.55040E+16 1.13E+06 .972101
18 7.40609E+1S 6.9164E+06 .464362
19 8.39246E+15 1.25973E+06 .21818
20 8.3670E+15 1.30783E+06 .5220

AVE. ENERGY- S9S373

RMS DEVIATION- 410406

DEUITATION- 50.t491%
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BLKJACK-3 StOT 8 BF90 7-AUG-79 13:40

BINS VALUES VOLTS VALUES/MAX
I 6.7347SE+15 34140.5 .411877
2 5.17347E+15 102421 .316392
3 3.21645E+iS 170702 .196708
4 3.342SE+15 238983 .204645
5 3.57545E+iS 307264 .218663
6 2.23597E+15 375545 .136745
7 2.94021E+1S 443826 .179813
8 6.57778E+1S 512107 .402275
9 5.40478E+iS 56,30388 .330538
10 4.44777E+15 648669 .272011
1i 2.31001E+15 716950 .141272
12 3.59960E+1S 785231 .220139
13 2.95187E+I5 853512 .80526
14 2.08211E+1S 921793 .127335
1s 5.64391E+15 990074 .345162
16 1.04339E+16 1.05835E+06 .638101
17 8.3i8i4E+15 l.i2664E+06 .508709
18 6.50485E+15 1.i9492E+06 .397815
19 9.24745E+15 1.26320E+06 .565543
20 1.63514E+16 1.33148E 06 1

AVE. ENERGY- 818134

RMS DEVIATION- 432393

DE')TIATION- 52.8511"
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BLIJACK-3 SHOT * B2919 10-AUG-79 10,30

BINS VALUES VOLTS VALUES/MAX
1 7.21379E+IS 32660.6 .228113
2 7.26383E+15 97981.7 .229695
3 8.21241E+15 163303 29t
4 5.46835E+15 228624 .172919
S 2.8SSISE+IS 293945 .0902849
6 7.14638E+IS 359266 .22S92
7 4.42848E+lS 424587 .139942S8 5.59969E+18 489908 .177072

9 S.89049E+15 555229 .18626
10 4.56325E+15 620551 .144L98
11 3.99599E+1S 685872 .1263G
12 5.89007E+IS 751193 .18625S
13 6.22033E+15 816514 .165076
14 7.01919E+1S 881835 .221959
Is 5.34427E+15 947156 .168995
16 3.16237E+16 1.01248E+06 I
17 2.17444E+16 1.07780E+06 .687593
18 2.43534E+16 1.14312E+06 .770098
19 4.27090E+IS 1.20844E+06 .135054
20 1.18085E+16 1.27376E+06 .373407

AVE. ENERGY- 799541

RIMS DEVIATION- 382262

DE'I ATION- 47.8102°6
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BLKJACK-3 SHOT f B2920 10-AUG-79 11:55

BINS VALUES VOLTS UALUES/MAX
I 1.5425SE+16 35900.6 .731591
2 1.00414E+16 107702 .476207
3 4.38295E+1S 479503 .207859
4 4.4S370E+15 t304 .211546
5 5.30804E+15 .L.3105 .25173
6 5.1727aE+15 39-1907 .245316
7 5.3S417E+15 466708 .254392
B 4.81344E+15 538509 .228274
9 4.99718E+15 610310 .236988
10 3.79010E+15 682111 .179743
11 6.35822E+15 753913 .301535
12 6.64?19E+iS 825714 .315239
13 7.82730E+15 897515 .371205
14 7.135S7E+15 969316 .338386
15 1.11362E+16 1.04112E+06 .528127
16 1.73655E+16 1.11292E+06 .823546
17 8.68S57E+1S 1.18472E+06 .411908
18 8.43920E+15 l.25652E+06 .400224
19 2.10862E+16 1.32832E+06 I
20 6.84472E+IS 1.40012E+06 .324607

AVE. ENERGY- 796590

RMS DEVIATION- 4542 6

DEVIATION- 57. 0213
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______________________* ''-~'Z-2

BKAK3SHOT 8 2922 13-AUG-79 1038

BINS VALUES VOLTS VALUES'MAX

t 2.13906E+15 33736.7 .363823
24.29931E+14 101210 0e731248

3 3.66190E+14 168683 .0622835
4 5.49204E+14 236157 .09341tS
5 4.59?60E+14 303630 .0781983
6 8.61509E+14 371103 .14653
7 1.L9890E+15 438577 .203916
8 3.93447E+15 508050 .669195

9 1.30aE+15 5752 .1922
le 884SSE+1 64997.150443

11 9.IS576E+14 708470 .155726
12 6.27276E+14 775943 .10669
13 9.64968E+14 843417 .1641a7
14 6.56596E+14 910890 .111677

154.34i97E+15 978363 .738505
16 5.87941E+15 1.04584E+06 I
17 1.18736E+15 1*11331Ei-06 .2o195a
18 2.13121E+iS 1.1.8878E4-06 .362486
19 1.44432E+15 1.24826EI-06 .245658
20 3.14773E+14 1.31573E+06 .053S382

A~VE. ENERGY- 772530

RVIS DEVIATION- 359132

DEVIATION- 46.4877%~
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RLKJACK-3 SHOT B 2935 16-AUG-7,9 1105

BINS VALLMS VOLTS VALUES/MAX
I 8.89408E+15 86894.4 .4SO524
3 4.7032RE+IS 134472 .2SS473
4 4.61541E+IS 183a61 .250)703
5 6.35009E+lS 242050 .344<9
6 4.14tS3E+lS n~5839 .224986S
7 6.9 45E+i!; 349623 .322323
8 4 . C G 3+ 15 40J3417 .22215-4
9 4.35:2,G3SE~S 4 57 t)S 2348
1e 4.5391EE+15 510993 .24653
11 3.849422+1S 6647S3 .2090sa
1e 3.9314gE+±5 6185712 .21355
13 7.41536E+1S 672361 .402793
14 £.59993E+16 726150 .863S13
Is 1.1?365E+16 779939 .63751

161.1?411E+16 833728 .63776
1? fs.97683E+I5 887S17 *3246S4
Is 1. 17462E+16 941306 .638041

19 1.409SE+16 995095 1
20 1.07843E.±6 1.04388E+06 .585789

AVE. ENERGY- 655535

RM'S DEVIATION1- 312519

DEJIATIOrI- 47.674's
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'IX

RJLKJACK-3 SHOT B B2936 16-AUG-79 1318

BINS VA LUES VOLTS VALLES/MAX
1 8.79748E+15 23S47.2 .246
2 1.13934E+16 70641.7 .318726
3 4.7"7a7E+15 117736 .13162?
4 3.S33F,+i. 164331 .0912246
5 4.1S43 E+15 21192S .116167
6 1.36121E 16 259020 .3806--
7 7.21O OE+l5 306114 .20161
8 3.S.74CE41S 353R09 .1I6467
9 1 .oSS1z+ G 400303 .2-N0S8
10 3.61039Z1S 447393 .100956
11 P2.683?SE+15 494492 .07336G

212 .07730E+16 541587 .0580864
13 2.5878SE+1S 588681 .0723627
14 2.22794E+15 63S776 .062P.989
15 3.90924E+IS 682870 . 10931a

17 2.58731E+16 777059 ,723476

18 1.58Z378E+IS 8241S4 .44n:6S
q . 469RAE±ji1 8712-48 .970275

S20 3.576~. 1~b 918:343 ±

AVIE. ENERGY- 618464

RIS DEVIATION- 303890

DEVIATION- 49.136 .
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B.KJACK-3 SHOT S 92937 16-AUG-79 1440

BINS VALUES VOLTS VALUES/MMX

it. 8SS4a.;z 16 24229.5 1

"3 2,03332E+tG 12110:3 .7122.72

4 9066 7v-.uz-+Is 169 544 .338525

6 266 l P- 42S M76'3

7 1. 8037CS+16 314867 .63343

8 4.93334Z+l5 363238 .172422

9 i.10S64E+16 411749 .38721
le 9). S462E+I S 46093 3343"36

11 3196915E+15 631 .1390 5

12 3.04S53E+lf5 -AV E .3l66764
13 7. L:MSITE+15 GOSS313 .255487

14 4.•15534E+15 6S353AR .14526

is 6,81702E+15 T3S 1238741

Is 7.491079E+5 75"36 .262338
17 3.852.1SE+iS 79Z7 .13490)7

is 3. e6349E-+15 847'718 .10e7288

19 2. 1420SE+15 896159 0750~179

20 7,30947E+15 944601 a2sgaa

AVF. ENJERGY- 336507

R DEV IATION- 2601L02

DEUIA -3OM- .L-n4S%

1'8
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RLKJACI-3 SHOT B 2933 16-PJG-79 1600

SINS5 VALLSS VJOLTS VALUES/VAX
14.3ZASCE+15 26719.6 .115036

a 9. S4,.302CE +15 80158.8 .253782
3 2.09824E+163 133598 .556825
4 1.6G7QST+lG 18137 .44?24e7
5 7*3204irE+15 240476 .194532
6 S.8GSG3E+l5 29391s .1SS669I
7 3.07101E+15 347355 .0814975
8 8.8s344+s CC,*7 ~9 4 .236091

-s9 9. 13'.;4E+15 454233 .242545
10 P..21475E415 50767a .0587742

11 3.94411E+IS s61111 .104668
12 2.89101E+15 61i'1551 .0743323

14 8.05391E+15 781429 *213732
1s 1.36SE+16 774868 .361084
16 1.03679E+16 828307 .2!75141
17 3.76822E+16 881746 1
18 2.34355E+16 935186 .6219a5
19 1l*06982E+16 988632 .283906
20 8.32216E+15 1.04206E+06 .220351

AVE - FJEGY- 696787

RIIS DEVIATIONo 337192

DEVIATIONI- 66.5012.w,
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BLKJACK-3 SHOT B B2939 16-AUG-79 1735

BINS VALLS VOLTS VALUESAMAX
I 6.6S E+6 24861.6 .184072

9.72=4E+15 74584.9 .2S772
3 6.914WE 15 124303 .16277
4 3.1g9?IE+l5 174031
5 3. CaP"4E+15 223755 .e99a31
6 9.7 421E+IS 273478 .26928
7 t .45 .SGa+I 323201 .399744
9 4.731231E+1S 372-924 .130783
9 2.39laVE+15 4E G48 .e6S07G
10 3.4964AZ+IS 47E371 .0960344
11 4.89570E+15 522094 .134729
1e 1.44P01E+15 57187 .0396838
13 1.42281E+16 621541 .e408312
14 1.7817E 16 671264 .490327
is 9.37711E+1S 720987 .258057
16 4.?7371E+15 770710 .13176
17 3.63374E+16 820434 1
18 3•.247OSE+16 8701S? .89385
19 1.89163E+16 919880 .520574
Be 6.67970E+15 969603 .183824

AVE.- EW Y.- 6P2.S54

RMG DEVIATIOm.- 294034

DEVIATION- 47. 2302%'
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777-?;7T; -77,3,77$1

BLKJACK-3 SHOT S 32940 16-AUG-79 1840

DIMS VALtJE6 VOLTS VALUES/lAX
I 3.49ES+15 P29732.1 .127037

2 ?*4707E1 816.3.741

4 3.17751E+15 20812s .1I6716
6k 8.03804E+15 26G7589 B295252

A6 9.6s~S+15 327053 .318086
7 ?.6Th70E+15 38SS17 .281979
a 2.107E+15 44S982 .0771614
9 4.65491E+15 60544S .171351

11 3*9?.6823E+15 a34 1S1
la .2239E+15 981160 .122

is1.05102E+16 £.04062E+06 .38606
19 1071153E+16 1.10009E+06 GaB8677

Be 6.39497E4-15 1.IS9SSE+06 .234531

A AVE.* ENERGY- 743925
R5IS DEvIATION- 318141

DEVIATION- 4a.765a?%
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OLKJCK--3 SHOT- 4"B. 45 17-AUG-79 1350

BINS VALUES VOLTS VALUES/MAX
1 1.30480E+16 34171.3 .386244
2 4.53142E+15 102514 .134138
3 3.590SSE+1S 17056 .1e0 9
4 6.41226E+15 239199 .189814
S 1.63387E+16 307541 .483655
6 9.07O7E+15 375884 .272546
7 4.67309E+1S 444226 .138332
a 4.e6027E 15 512569 .120191
9 2.41702 +15 580911 .0715431
1e 2.49,SSE+15 649254 .0737278
11 4. 1850CDE+15 717596 .123885
12 3•39400E+15 785939 .100468
13 9.36381E+15 854281 .277186
14 3.37317E+16 922624 1
15 l.03840E+16 990966 .307386
16 1.07442E+16 I.eS931E+06 .318066
17 1.44133E+16 1.12765E+06 .426659
18 1.46487E+16 l.i9g99E+Oe .433629
19 1.04464E+16 1.26434E+06 .309234
20 4.30028E+1S 1.33268E+06 .127296

AVE. ENERGY- 756138
RMS DEVIATION. 396254

DEU TATION- 52.4e49*
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II
BLKJACK-3 SHOT t Ba944 17-FUG-79 1554

BINS VALUES VOLTS VALUES/MAX
1 9.39434E+15 28634.3 .38931a1. tellSE+1s 85903 .45G3253 ?-22EOE+15 143172 .324154

4 1.03493E+16 2.00440 .428886
S 3.48322E+15 257709 .1445556 1.• 0JIE 16 314973 .455509
7 8.e6S60E+IS 372246 .3341228 4.OSIZC.+15 420115 .169547
9 3.E:875 +.1 4867 4 .136703
10 3.39693E+15 54-152 .140774
11 .61538E+15 601321 .10838412 1.77079E+15 658589 .0733834
13 2.68125E+15 715858 .111114
14 6.50881E+15 773127 .a2829
is •710359E+16 830395 .705984
16 2.41307E+16 887664 1
17 2.10705E+IG 944933 .873182
I8 2.09703E+16 1.002a0E+06 .869028
19 1.40697E+16 1.05947E+06 .583064
20 1*40532E+16 1.11674E+06 .582379

AVE. ENERGY- 679185

RMS DEVIATION- 361971

DEI)ATION- 53.2949%.

4
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BLKJACK-3 SHOT t 62945B 18 AUG 79 0918

BINS VALLES VOLTS VALUES/ AXl.81113E+16 26932.8 .646392 7.4527GE+15 80ss.5 .659373 3 .•3534E+jS 134314 .1154694 2.9s± 8O~.1149
5 S.4~S~oz+±~241763 1826 2.8?C63s 15 295491 .1027387S.87633S+j4 349217 •020972S8 2.09231-+IS 402943 .07467439 1.473C5E+1' 456638 .045613210 4.8479VE+15 510394 .17302411 2° 749SE+IS 834120 .081192512 4.7a229E Is 61784S .16855913 7.44418+15 671571 .26568214 1.60779E+16 725297 .57381615 2.12371E+16 779022 .7590216 1.06465E+16 832748 .3799717 2.80192E+16 886474 118 1-89945E16 940199 .67791219 i.24936E+16 993925 .446893

22.38448E+16 1.04765E+06 .85107?

AVE. ENERGy. 693779

RMS DEVIATION- 331051

DEVIATION 47.717%
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APPENDIX B

ANOMALOUS STRESS RECORDS

Figures BI and B2 show peak stress clipped on Shots P2801 and B2820.

Figure B3 shows odd peak stress, with an unusual pulse shape on Shot B2885.

Figure B4 had poor electron beam current monitoring, hence suspect 7912 data

for Shot B2922.

195

777A



1

ii

IT, I

QUARTZ BLACK JACK 3 SHOT OP2801
GAUGE STRESS

STRESS (KB) PEAK = 24116 BARS

25- - -.

15 . ..

101

_ _ _ _ _.. ..

e .1 .2 .3 .4 .5 -6 .7 .9 -

IE-6 =S '

196D

5 .- --- ,

Figure BI. Commonality aluminum quartz gauge record. ;
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i7W

I

QUARTZ BLACK JACK 3 SHOT #82820
GAUGE STRESS

STRESS (KB) PEAK = 24613.3 BARS

220

15

1 * __ -D- - - -

5-

I0

0 .1 .2 .3 .4 5 .68 .
IE-6 =S

Figure B2. Ktech aluminum quartz gauge record.

197



QUARTZ BLACK JACK 3 SHOT #62885
GAUGE STRESS

STRESS (KB) PEAK = 7240.32 BARS
1-D

5
G

-15

20

-,

-1'5 - - - - - -

0 .1 .2 .3 .4 .5 .6 .7 .8 .9
IE-6 =S

Figure B3. Ktech tantalum quartz gauge record.
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QUARTZ BLACK JACK 3 SHOT #U2922
GAUGE STRESS

STRESS (KB) PEAK = 7336.57 BARS

7--

/
57- -- -

4--- 3f

2 - --- - - -

I-D G
1+

'4-

e .1 .2 .3 .4 .5 .6 .7 .8 .9 1
IE-6 =S

Figure B4. Commonality aluminum quartz gauge record.
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APPENDIX C

HUGONIOT DATA, MATERIAL PROPERTIES AND IMPEDANCES

C-I HUGONIOT EQUATIONS OF STATE

The Hugoniot equations of state for the materials of interest are listed

below.

Aluminum P = 143.86u + 36.13u
2

Tantalum P = 566.72u + 199.37u
2

X-cut Quartz P 151.22u + 8.24u
2

Fused Silica P = 131.7u - 73.61u 2 + 99.47u 3 
- 41.63u4

PMMA P = 32.971u + 24.219u2  P < 6 kbar

0.679 + 31.815u + 8.718u 2 + 6.924u2  P > 6 kbar

P = material stress in kbar.

u material velocity in mm/ps.

C-2 MATERIAL PROPERTIES

Material properties data for aluminum, tantalum, X-cut quartz, fused silica

and PMMA are shown in the following table.

Longitudinal

Density Wave Velocity Gruneisen
Material (g/cm3) (cm/us) Constant Z Number

Aluminum 2.7 0.64 2.14 13

Tantalum 16.6 0.415 1.7 73

X-cut Quartz 2.65 0.57 0.6 --

Fused Silica 2.2 0.59 0.05

PMMA 1.184 0.27 0.3
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C-3 MECHANICAL IMPEDANCES

Typical mechanical impedance values are shown below for the materials

of interest.

Material Impedance Z a Mismatch Conditionb  Mismatch Valuec

Aluminum 173 Al/Quartz 0.93

Al/Fused Silica 0.86

Al/PMMA 0.31

Tantalum 689 Ta/Quartz 0.36
Ta/Fused Silica 0.32
Ta/PMMA 0.09

X-cut Quartz 151

Fused Silica 130

PMMA 32

aunits of kbar/(mm/us).

blnterface, stress passing from metal to backer.

cTransmitted stress/incident stress = 2Z2/(Zl+Z 2)

where ZI  impedance of sample,z4
Z= impedance of backer.

Note: Exact values of (a) and (c) are stress dependent according to the
Hugoniot data for each material.
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APPENDIX D

TYPICAL PUFF COMPUTATIONS

The following three plots are examples of the waveforms to be anticipated

for measurements of stress from a given deposition profile in tantalum, when

monitored either using (1) a quartz gauge, (2) a carbon gauge within PMMA, or

(3) a buried mirror within fused silica (for LVI).

All three cases used a sample of tantalum, 0.127-cm-thick., and assumed the

deposition profile appropriate to Shot B2732 with a beam incident angle of 30

degrees. The deposition time was set at 36 ns, and all were given an input

fluence of 300 cal/cm2 (to exaggerate high fluence behavior including stress

attenuation). The initial stress profile generated within the tantalum was

thus common for all three computations.

The three plots indicate both the profile shape anticipated and the stress

level at the monitoring position.

The EOS data used for these computations are the "standard" ones called

by the PUFF 74 code (ref. 4). It is seen that the quartz record yields the

narrowest pulse width and maintains the initial deposition-profile induced in

the sample. For the fused silica record (LVI), the dispersion involved has

widened the pulse width and dropped the peak stress, while maintaining the

overall pulse shape. For the PMMA record, ,towever, severe pulse shape distor-

tion has occurred. A shock has developed and a dispersive increase in pulse

width has occurred.
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APPENDIX E

TYPICAL PHOTOGRAPHS OF IRRADIATED SAKPLES

The following are views of a small selection of samples illustrating

irradiation surfaces.
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APPENDIX F

ELTRAN Dose-Depth Computations

Ktech Electron Beam Commonality Experiments on Blackjack 3 and 3 Prime

Ktech 79-11

DNA Contract 001-79-C-0127

The following tables should be used in conjunction with the main report

listed above.

These tables list the appropriate ELTRAN deposition code computations for
all the itemized stress experiments in the main report organized by shot number.
The data are given in the form of normalized deposition (cals/gm per incident

cal/cm 2 ) versus mass depth (gm/cm 2) from the irradiated surfaces. In all cases
the inclusion of the carbon filter and choice of beam angles of incidence have
been incorporated as appropriate for each experiment.

To obtain true dose-depth values these normalized doses should be scaled

up directly according to the quoted fluences in the main report, and the material
densities (p=2.7 gm/cm 3 for Al, and p=16 .6 gm/cm 3 for Ta) should be used to
convert mass depths to linear cm scale.

215

PMIMP"~ 3L4)K-NQ FILM



_ _ __M$2 I 4 = r _ _ _ _i$2 IT~.

.0069 3o2832 .0965 3.6772

0343 3o96.5 .0325 4 35i9

I: ,I li4 I 1 79- 5 f i

.0617 4.1726 , .0585 3.8820
i975u - 39 -' If - ",5-'
.0891 3,9727 .14,5 3.0587..... 2. 8G 7 .
0165 3,7349 .iiC5 2*6451

.. L 4 )t5 23634
,1+3 9 o3735065 2.2490
• 15-- 3 .--223-8 - .,.:5 L.0,
_1713 _2.8795 

w6"- J f 81 t1
C- 2 5 1.8141

.1987 2.4097 .1885 1.3264

.2261 1.9871 .2145 1.0725
,239'8 1 o 7"0"8"8- -. 2:_

.2535 1.5628 •24.5 .7906
-Z--'7"2 1,35 - ._ 5 ,C 9

.2809 11835 .2665 .5288

03083 ,7809 .2925 .4541

• 335 • 345 ,3.5 •2821

03905 01911 5.130 5

: 3531 .2991 ; h' .2 52"

0~~~ IfU C 7r
o179 .0904 .396 .0767W3r •0 '- - 9 r, 2'. -I,

.4453 .0450 4225 .0544

a6727 .0%8 4465 .0369 "

2166

o05 01 ac0 15 . 4745 .0112 ::

05275 Do.O000 51 .5C5 1 .0145

05549 0.50 65 " ,16

5 582 3 O 0 300 '

o6 "9 7 ao~ i a, 03 .-.
6 2 3 ,- w . - --;

216 i ;



1 6 2J

"ASS fEC,-32) MASS DEPTH NrlQ4 Or1PF4_ _GH/C$$) I___T=_•_0 (GM/CMS$2) T NT I0

.0069 5o4845 0065 8.53'04
v 0 6--6r2023o 195 4.8014

.0343 545379 .0325 4. !q
o0455 3.5545

.0617 409114 *05F5 1823.0715 o7.0

.0891 3.8307 •c75 20.700'

------ "--8 - " 3--56-0 9 *0975 2.6554
S1165 3.eO52 .1105 2.4144

-0 U1235 2.2119
.1439 2.6771 .1365 1.9869
15- -131-95 1.6768

:1713 2. 1393 * 1625 1,4708
•ii1755 1.3955
.1987 1.8556 1755 1.25* 1885 102517

+ ;l •71;+, . r -- •o 15 I *g831

.2261 1.3879 .2145 j o197
Z 8 • 5 0275 .8117

.2535 1*14532G7- 9--3- -- 2405 ,7840
•"- -Z535 .7303
.;809 *7515 .2665 .6056

I".2925 .. 995r'".3083 .575T . 't5 395

3-2-2-9- .4-72-3 3 5305 .3386
.3357 o3617 .3185 I .2627

11 2 7=18- *27t' .3 3. .- g'" 8' •33-i-5 e2 Z771-"

,3631 .2112 .3445 I .?602
Liu . 93575 .Z140

.3905 .0736 .37C15 ol5q4
.0419 .333 .0933

91,179 o02.7 *39F,5 J 0773
. ~ ~ ~ ~ ~ 4 r-' GO: 45 9~0597
.4453 .0025 04225 .0908
490 aY .4355 0883

o42.0 4485 .0520
.47 61- 03.4.9

.5001 4745 .6448
________-3_8, E-,-- __---_. .0174

.5275 0 a 0 0 a .5005 .022S
,5A.2 0 .5135 .0205
.5549 O.0030 .5265 .0162

5... 568 6 5} ; -  -- 53 9 5 + 0-(
;= , 58 23 o0 ooo00I .=515 5 i .00000

+ , . .. . .,5960-. .. 0} -

0.0000.,217



IASS DEPTH JnR9 4Q ) .Gl,,CMSI?) .. N ri.-
(GM/CM$S2) 1 • l" 0 ....

.uc,69 p.~Z.7Q0  
-. 0069 ' h90

-__'_ __03, ____/ _, __01 ____-'iO-___L_ 8.. 2 .- IS.U206 5069 7 . 34 "r .... ;,,-
.0343 9 0 0480
.0483 4 e46 42 90617 7 62 IS2

617 / *77 07 54 E-. 0 C56-
175 4 3o2815

*C8~~1 ~ ~ .0691 L*j5-O¢891. 3 9-056-..1028- - 3,e832-
910283 209-33 1 2.e 2
.1165 ?A7 -*.i-- .9a
o1302 2o4743
.1439 2.210 1 .39

.1576 2.1187 .71 94 a..*-~~

.1713 756 0  I---.-85 0---.6-5---
.185U 197271

. 1987 I 0- . "

-2124 1...64-91 - .s-22 6i 1 .-.
e2261 *1.6020 38-- 2L8-

"________j IHZ------, 5----Ii-25ie2535 1.35?0 -267------C

' .~~~28%9 1 0, 11.;,;,.2 6 C,{E{----2 .23',3 1.391. ~

*2946 lo071103 -3 0OC 0
9.13------2- --- ---- C f 0 C1---
.3220 0~44693357 a 7 35 4I .. 3 9 ... -- ' (q...

.3494 .6645 6e3631 t 5103 . --c4 , _(_-9 _

9 3768 o5302 , 5
39C5 4016 0 -----. -:O0.--

94042 ,.72 iii7 . -- -- o-

9 4179 ? 7 .4 - --- 1G -- -- ---- ' -
• 4316 03136---; 5 T - O -- .- ,i

• a0 2 , L6,...4 -7-27  - -.- e- --
s4727 .1564 -B-64 -- ,-0C'0-

•_001 [ .0747 ---- ,51--- -- 90-C-
.5138 .87

o5Z15 .0306
.5412 .7'1 . .5,49 ..... -.- C o -

5549 ,0067 .... '"5686------ 0 O-CO
..5686 .0066 .5823
.5823 0",0000 5960...• ... C 0OU- " "
,5960 0,0006o 97 0 •'0000-3 7.. .. e''"'O-- :

.69 j__,__6.eC-3 / -.-0-0- O----

6 2 34 j 0 0 0 0 00 - -- -- - _- -- - -- - - -.- . .

218

774 .,



-41'

-+&~-OE-T. ttefP-COS-S-BEP-T -- NCRP-COS-E-

i(Gm/c .i --.I7= - . -

L "00769.. 4-, 5 52"-02 r " .,D-0 .. .. ,. 8  --. ""0206- all. 3, -29-- -

-,0353 ----- *O *-4f5" S o-034-

------ r-------7- - -- -,

.... 75 ....... =v29---

-- .1307. ,8o.t•  , .

--0 -1-a- -91 ---116 .. .a . s 15.7--

1- 5 - 8 - 4 9. :----

....... ..... E-- - C--

-55149-- -- *. .

.43q... --g- 7309- - --5.6- 1,-72-
"*-.1713 . ." ?-- -.- 7 1 3 -.. . . -43 1 3 -- .... - - 850 . . 2,40 1..

.198.7-7

--- 261 -9 4E
...2 -239, . ... 1 . .

.... .,2 9e . .. . .-'-? 2 54 --..•-2 3 . . . . ' "- ' -- - ' 5 , ... .---- - 'f 2 ....-

-- ,2 67"? . . ...2''9'k -

"--2,?8 00 .. 9 -

22 eZ0 -- 8 - - -3-3 5 . . . S 0-- "
.3 3 5 7 ... . .r - 8 -- --o-3 4 -9 4"  -- -8- A 4 -.....-

Z, a -.... . . 4'". ' "-- ... . 2-7 -. . . 4 . .

-- " :r3-6 --' . - ------ 31E-5 - -Z 2-a9

a . - ,7-2-7 -. 11-1-2---

W8 -' I6-4 ... .. "" 4- 4-8 64 - - -f 94 -

-,Fb 9 - - C C 9- .-- 5 55 . ... ",016 6--

219



MASS DEPTH NORM DOSE r ASS IPTH NORO SEl DOSE--(GMI MS $ 2 .... INT=I 0 -- (GM/CMsl:). .- hR "*0

... 0055 . 4*9976 .. 006Q - --.', 5?-
0165 5.3398 ,20e -. r.288-- A
027.5 -5.2439-,

.0355 40857.6-.0I-#-- 5.-. .. 0 48 9 5 - -... .4. 2 150 . ... .,---" . . . 4 ,F 1 7

.0605 398966
S71.5 .. 3. .0891 . -. 9 15

.0825 3.2706 -. 2128--- . -7.,

.0193 5 . 3.0466.- 6 oZ222

- 105 55- -2--3-624t -2 9- ----- 85-0-3
.1265 2.2424 . 1576 ---

*±48& 171593----- - -51 --2-1.-36Iii --.-3.-5 . ... 7-•*8- -.8 * -i. 97 - - ... , 1  ... .---,'- *- 6 -

925 10128...
---.2035-.-- - -8243- ..- 2535... i -. 5

e 2145 .7889 r.'267-2--- J- 0-1-73-
--.- 2255-- ..--7808..-- 209- ,6,8 --• 2365 *7577 .2 -4 55----'- --w7 8- -"

2, 47-5- . . ... 7 5 ...... ° 83 .. .- - 6 --

.2585 s6105 -3-2 20-- .5-2
-.- 2695 .5.... 5201-- 3 . ' 9-
e 280 5 5060 -3 4 9 1#---. -- --,29 5 . . ... 3732--- b3] . . .-- --0

3925 ".3293
L --. 3 13 -2 8 3- . e5- -"4 9 .. fi

* .3245 .1795 . 2- --- 3- 0~-,e-335 5 -. .. ...-2 078 . .. -1-- .. -- .C ,;

.3465 .A562-3 57-5 -. ... ,.288- .,-&4 52 • C. -6{ r--  "

.3655 00989 -
379. 5 .,0- 7.9 8..... ..

:-,20-5 . . 0409... ---,-5.-

o4 12Z5 0 35 - - - - -5 J • -3,6009 . -
- -23 -- 0 2 -.. 5 ;5 V-- CH1 06

o4345 J012l --- --- - 5  -c-e-c-e---
4455. . 0 .. ...- 5-- 90 040

.4785 .0113 -- 5960 -r-{-0 ..""4_ .... . .... - 0A-i- 3,,

.,5005 .0032 .6234- - 0- -
o 5 I .0000.. . 6371 rc a 60Z

- .650 -- 4-1 0 -O

220



_p_ Vo

-SS--EFTH- --- C-i- OS-E-  MASS DEPTH NORM DOSE
IGMICH3I ) . .--I NT=.O- 0- L--IGH---2)-- NT-=-.I -

.0069 .55 58-.. -- }5 -- -4-,-3-22 -

,0206 .. . 5295- 0165 4.9487
- 03,43 ...... -k .- s -..v,2 5 ; 1- 0-3- --

n,.*n~ -- 3- ,03 5 4 67 10

-S-- - - 4 4 12

..-,075, .. . 2 59- 0605 4.0559
- 49-- • 9 . ,87-1--

-. 2 - .562-- 0825 3.2903

.1 5 i7;620

1439 2.3- S- 2I"2i...28fl39 .. '69- *-. 8.-e.4-- "+-. -- -5-- --- 6-8-9-+2-

-. •- 724 -69.--- • . 265 2,3276....s.1T13 .. 2,29 0 £4 f.. ,1.+ 1 r --+ -

--.- 1850 .- 18-25- .14 1.7767

.-3-2 - . 8-r-- 4- 9-7----170 -5 1 -. 4 273. .. , 261 .... 1 E: c. ...S----4, 1.,209 '

-.--2398- -A- , - 1i925 - -. 0285
.53. 61.4-- 235 -6-

--- . 6 --- - -3 --- ,21 5 71763- s-2 8 0-9 . ... . 46 - - 2 5 . .6 2 9 7-

"2365 .6062

-- -30a ,8-6-- *c~--o. 390- 75 - -- ,+--3 +r.-.

---- ,-32- t" 6". "- - *2555 *4307

- 3.4 3 5 . .-7 -- ,-4!-3-( 5 - 1 5 , .3-797-

,-4-9 ,o2815 . 01
-- 67 --- +c2- e R.325 ,1966

" 

J
... , '3 ,v' L, ' e3685 0 57 6

. ....- 8 .. . .1-:-00.0 -- 9390 5 0 4
-- -5O J "C-,,0( 0- ---- 45-- , 2 4- -

-1,' -3 -- - - -0""' -d e412 5 ,'0 148

-- -5 £9 - ----- C -0 ag- -- n-npi& 0O
-- + 8 6 -... - O- f } - - o4565 0,0 000

-- -o 5 "62-3 - -- -- -0,0 - - L;.:4 .7 _ .C :-J,

-- -- 596 -- 0--i0+ 0- -  i 4 78 5 a 00eOo

V6, 23 ,-.-, -.--------

221

-+ I~~~~~~~~~~~~iz ,+~~~~~~~~~7 77-777r 
+' + "- 5+.•;,+ , ... :,+..+,+t ;,+ . .,- , - 7"7+;, .



- -

I
MASS DEPTH NORM DOSE MASS OEPTH NORM DOSE

-£ArIMCX 2.t2 TN (GM/CMS$2) INT=iO

-3n s AA 9; .0069 7.6711
e5'.*95 6.2866 .0206 7.7800

.9:9 0343 6.6813
0455 5.0030 .0480 5. 4751
5 5 J3Zan.. .0617 4.8792

.0715 3.7230 .0754 4.4885
--0- 4.5 3*368 .0891 4.2892
.0975 3.1374 .. o..1028 3.8884

9 At 8,J1Z.74 .1165 3.7075
e1235 2.3819 .1302 3.3146
± 3 5 5. in. 76 .1439 2.3489

.1495 1.6769 •1576 2o3458
62 9 Q.1713 2.1578

o1755 1.0555 .1850 1.7450
• t S . A .&7 .1987 1.3835
.2015 .7206 .2124 1.1828
-2145. -. 6,7.. ..2261 .8375
02275 .4389 .2398 .70.7- .2La5. *736 .25335 .6578
.2535 .2072 . 2672 .4302

• - - - 2809 o2257

s2795 .0847 .2946 .1444
-3055 .06n - .3083 .0903
3G55 o064i .o3220 .0456
'9 A -366-- .3357 .0170

.3315 .0i16 039 01698-,,91 .69n n A .3631 ' 0021

,3575 o0073 .3768 0. 0000
00 ~ .3905 0.0000

o3835 .0020 .4042 0.0000
3905 .0006 .4179 0. 0000
04395 0.0000 .4316 0.0000..
.427r, o.nnnn .4453 0 * 0 0,0a
o4355 0.0000 .4590 0. 0OO0
.45. .4727 0.0000
o4615 0.0000 .4164 0. 0000
47.3. . na.nn .5001 0. 0000
o4875 6-.0000 .5138 0. 0000

r,, 1, n .ono .5275 000a.S.5135 0.0000 oE412 0.03"
,. 5265-.- n.nnno .5549 0.0000

o5395 0.0000 .5686 0.0000

222



LII
MASS DEPTH NORMt OOSE MAS OETH NORM DOSE

.0069 3.6577 .0055 I iU.

.0206 3.8566 .0165 3.6488

.0343 3.9832 .0275 3.9875

.0480 3.8814 .0185 I 3.8888

.0617 3.6591 .0495 3.5611

.0754 3.4884 .0605 3.5464

.0591 3.3753 .0715 3.3778
.1)28 3.3104 .08?5 3.2163
•1165 3.1808 .0935 2.9840
•1302 3.1427 .1045 2.7736
.1439 2.9637 .1155 2,7131
.1576 2.7988 .1265 2.4817
.1713 2.6398 .1375 2.2104
.• 50 2.4897 .1485 1.9879
.• 87 2.3867 .1595 1.8716
.2124 2.2004 .1705 1.7209
.2261 2.0161 .1315 1.6159
.2398 1:8912 .1925 1. 5288
•2535 1o753? .2135 1.3653
.2E72 1.6271 2145 1.1991
.2309 1.3267 .02255 1.1675
.2946 1.26.4 .2365 I.C120
s3083 1.0816 .2475 .9651
.3220 1.0134 .2585 .9033
.3357 .8754 .2595 .7805
.3494 .7255 .28C5 .6996
.3631 .5948 .2915 .6137
.37658 .5572 .3025 .4823
.3905 .4499 .3135 .4319
.4042 .3327 .3245 .4284
.4179 .2470 .3355 .3746
*4316 .174 3 .3465 .2973
o4453 ,1134 .3575 .270 9

.4590 o0826 .3605 ,2405

.4727 .0301 .3795 .1659

.i 464 .0317 .3905 .1217

.t01 .0067 .41-15 B 100
,4125 ,0939
.4235 .0585
.4345 ,0839
•__ ___ __ .0707
.4565 .0745
.4675 ,0452

.4735 .3442

.4q95 ,0321
223

&11,~I 4 a i



'+, I
e '!

(Gt$$21 IT= MASS DEPTH NORM DOSE
-( G/ H$$.2. -- -NT=t• ..-

S0065 3.8936'(F -9 5 . .. -; 6 2-7- - - o0 0 6 5 - . ... 92 3 3 2 . .
S0325 4o263.7 o0195 5.1601

585 3,3245 •.0455 4.3322
"---*a583 " - .4*0104-

.181751 - 8911* 0715 3.5568
- ~-~2 8931 -085 -- 31972-

•iios Z*44, 9 •09T5 2.8495
•.11.05 ---.14"L--- ------11 ---.....036--

.1365 io9j!.8 o1235 2.1206
1 4-9" 5 1 3- --,-----.4-365- 1 .9-345---

.1625 L.5354 e1495 167633
1-- 5--,-1625 ... 53• 1885 1. 1.--- .1755 1.2728-1-85 •-1-85 --- 1.0- 439---

o2145 o9558 .20±5 .85g3
-o-2145- --- o6833 -

2405 ,7649 .2215 .5079
-. 5 - o-240-5- -. 3742-
o 2665 5847 .2535 .3257
* 7-g -- * 9 --- 266 --- .2418--

.2925 .3930 .2795 .1860
-2925 --. 1666

-5-3,-? 355 .0308
038 93259908

39"5 3 L8 - .-3185- -. 037- "
.3315 .0709

- ,4 *-, , .,-- -41 5 . . ... 0 05-- -
3445 s1745~74

.V705 .i8 .3575 .0304

.0-5- o50026

3965 .0 857 03835 .0081 A

*.595- e-0--7 -53965- --. 028

42 02 095 *
"..009--

. 485 •e 0*4 • 355 *0043 + +-- ':

• " 0 .050.56755 0.0000 " ::,

4 5 - ,.507.5- -

- .595- 0.000.
-~ ~ 44 0206 .0 0 ;~~~~- -.75 - -- C... O O .-- " .

0511351 0000

*56 0% a~ 8

w5,..5 ++.+ C COCO-.3
++,+. . . " ' ,,+' ' ++ , + ,.. , " + . +' *'+ , ', , + +m+ + +. .. - , 05 9 1.. .. 5 , +

+ + - .. + - , ." ' m ; , "+ ." ++ " ++ + + .+ :+ , + ' + + -.s . + + - ,, .. ...+ + . .. . .. ....... . .



o8 9 -- ,~ ,,, ~

MASS OEPTF NORM OOSE 8,SS.OE-PTH NORM DOSE
(GM/.M$S2) INT=1,0 (GM/CM$$2) INT=1.3

0069 5.0045. .069 2o7836
S.0206 .5.7031. .0206 ... 0956..00343 5. 5272: • G343 3,4039

.0480 5.3807 ,0480 3,4310

.0617 4.9006 00617 3.5040

.0754 4,4977 .754 3o5398
.09391 .4.2193 .0891 3o3440
.1028 .... 3.8889 ,1028 3o3259
.1165 3.7667 o1165 3.2805

.. 1302 3.4073 .1302 3.1549
t1439 3.1393 01439 2.8782
S.1576 2.7080 .1576 2o7550
0 .1713 2.6109 a1713 2.7070
.1850 .... 2.3556 ,1850 2.4545

.1.987 1.9733 ,1987 2.4111
_.....2124 1.7357 .2124 21839
.2261 1.4306 ,2261 2.125k
.2398 ii931 .2398 1.9147

. .2535 ... 90 .2 .2535 1.8043
.2672 .78 8 .2 672. 1.5908o2809 .6278 .2509 1.4313
.2946 .5744 .2946 1.3378
3083 .4067 .3083 1.1957

.3220 .188G *3220 1.o143
.3357 ,1093 o93357 .408

. 3494 .0765 ,3494 .8024-..

.3631 .0438 .3631 ..6779

.3768 ,0236 .3765 ,6664

.3905 .0059 .3905 ,5794
a 4042 .0013 ,4042 .4914
o4179 0. 0000 ,4179 .3898
o 4316 0. 0000 0 4316 3708......

0.. 0000 .4153 .2726
.4590 0.0000 .4590 .2731.4727 0.0000 4727 .2638

. .486, 0.0a00 .14864 .2144
.5001 0.0000 .5001 .2083
.5138 0.0000 .5138 ,1533
.5275 0.0000 .5275 .14Z9
.5412 0.0006 .5412 .1212
65549 0. 0000 ,5549 •1074.5686 .0548

0.5523 ,06!7
,5960 ,0464

.E097 .0281

225
?25 . - . _



'" L . . . - • - -,.. . , - .o . ... . - .-- • - \ . - ,~, . ,°
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